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EDITOR'S PREFACE TO THE FIFTH EDITION 



One criticism upon most of the current text-books of human anatomy is that 
they are too extensive for the beginner. Much precious time is wasted by him in 
floundering through a mass of details which obscure the fundamental facts. And 
yet it is important to have these details conveniently accessible for both present 
and future reference. To meet this difficulty, the attempt is made in this edition 
to discriminate systematically in the use of sizes of type. The larger type is used 
for the more fundamental facts, which should be mastered first, and the smaller 
t3rpe for details. While it has been found difficult to apply this principle uni- 
formly through the various sections, it is hoped that the plan, even though but 
imperfectly realized, will prove useful to the beginner. 

In the illustrations of the bones, as heretofore, the origins of muscles are in- 
dicated by red lines, the insertions by blue lines, and the attachments of ligaments 
by dotted black lines. 

While the authors of the present edition are for the most part the same as in 
the previous edition, a few changes have been made as noted imder the preceding 
section, "Arrangement of Subjects and Authors." Owing to the retirement 
of the distinguished originator and former editor of this work. Sir Henry Morris, 
and of Professor McMurrich as co-editor, the responsibility for the general 
supervision of the fifth revision has fallen to the present editor. 

Each author is alone responsible for the subject-matter of the article following 
his name. Care has been exercised on the part of the editor, however, to make 
the whole uniform, complete and systematic. 

As to nomenclature, the Anglicised form of the BNA has been continued, 
excepting those cases where the Latin form is adopted into English (e. g., most of 
the muscles), and rare cases where the BNA term seems undesirable. As a rule, 
the Anglicised form where first used is followed by the BNA Latin term in 
bradcetSy except where the two are practically identical. For convenience of refer- 
ence, some of the commoner synonyms of the old nomenclature are also added in 
parenthesis. 

The previous edition of Morris's Anatomy was the first general text-book of 
anatomy in English to adopt the BNA. During the past few years the merit of 
this system of nomenclature has become so widely recognized that it is now very 
generally accepted among the English-speaking nations. Lack of space forbids 
the enimieration here of the many advantages of this system, not the least of which 
is the reduction of some 30,000 anatomical terms (including synonyms) to 5000. 
The comparatively few defects of the BNA will doubtless be remedied by revision 
(preferably through the International Anatomical Congress). For a full 
discussion of the BNA system, with complete list of the Latin terms and English 
equivalents, the reader is referred to the excellent work on the BNA by Professor 
L. F. Barker, of Johns Hopkins University. 

In addition to the bibliographical references scattered throughout the text, a 
brief list is given at the close of each section. These brief lists of carefully selected 
references are intended merely as a guide to put the student "on track*' of the 
original literature. 
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In addition to a thorough revision of the various sections, there has also been 
a rearrangement of a part of the subject matter in the present edition. The Teeth 
have been transferred from the section on Osteology to the Digestive System. 
The Tongue and Nose are transferred to the Digestive System and Respiratory 
System, respectively, excepting those portions forming the organs of Taste and 
Smell, which have been retained in the section on Special Sense Organs. The 
Pelvic Outlet has been discontinued as a separate section, the subject matter 
being divided between Musculature and Clinical and Topographical Anatomy. 
The Ductless Glands have be^n included in the section with the Skin and Mam- 
mary Glands. 

Due credit has been given throughout the book wherever illustrations have 
been taken, or modified, from other works. Special acknowledgment should be 
made of our indebtedness to the works of Toldt, Rauber-Kopsch, Poirier and 
Charpy, Henle and Spalteholz. 

The number of figures in the present edition has been increased about one 
hundred and sixty and in addition many of the older figures have been improved 
or replaced. For the generosity of the publishers in this connection, and for the 
hearty codperation of the contributors in the revision of the various sections, the 
editor desires to express his deep indebtedness. Valuable assistance has been 
rendered by Mr. Walter E. Camp in the reading of proof and preparation of 
the index. 

C. M. Jackson. 
Minneapolis. 
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INTRODUCTION 

By C. M. JACKSON, M.S., M.D. 

PROFESSOR OF ANATOIIT, UNiyRRSITT OF IIXNNXSOTA. 



AN ATOMY, as the term is usually employed, denotes the study of the 
l\ structure of the human body. Properly, however, it has a much wider 
-^-^ significance, including within its scope not man alone, but all animal forms, 
and, indeed, plant forms as well; so that, when its application is limited to man, 
it should be qualified by the adjective human. Human Anatomy^ then, is the 
study of the structure of the human body, and stands in contrast to, or rather in 
correlation with, Human Physiology, which treats of the functions of the human 
body, the two sciences. Anatomy and Physiology, including the complete study 
of man's organization and functional activities. 

In the early history of the sciences these terms sufficed for all practical needs, 
but as knowledge grew, specialization of necessity resulted and new terms were 
from time to time introduced to designate special lines of anatomical inquiry. 
With the improvement of the microscope a new field of anatomy was opened up 
and the science of Histology came into existence, assuming control over that 
portion of Anatomy which dealt with the minuter details of structure. So, too, 
the study of the development of the various organs gradually assumed the 
dignity of a more or less independent study known as Embryology, and the study 
of the structural changes due to disease was included in the science of Pathology; 
so that the term Anatomy is sometimes limited to the study of the macroscopic 
structure of normal adult organisms. 

It is clear, however, that the lines of separation between Anatomy, Histology, 
Embryology, and Pathology are entirely arbitrary. Microscopic anatomy 
necessarily grades off into macroscopic anatomy; the development of an organism 
is a progressive process and the later embryonic or foetal stages shade gradually 
into the adult; and structural anomalies lead insensibly from the normal to the 
pathological domains. Furthermore it is found that in its individual develop- 
ment the organism passes through stages corresponding to those of its ancestry 
in evolution; in other words. Ontogeny repeats Phylogeny. A comprehensive 
study of Anatomy must therefore include more or less of the other sciences, and 
since an appreciation of the significance of structural details can only be obtained 
by combining the studies of Anatomy, including Histology and Embryology, 
and since, further, much light may be thrown on the significance of embryological 
stages by comparative studies, Anatomy, Embryology, and Comparative Anatomy 
form a triumvirate of sciences by which the structure of an organism, the signi- 
ficance of that structure, and the laws which determine it are elucidated. For 
this combination it is convenient to have a single term, and that which is used is 
Morphology, a word meaning literally the science of form. 

In morphological comparisons, the term homology denotes similarity of structure, due to a 
common origin in the evolution of organs or parts; while analogy denotes merely physiological 
correspondence in function. Thus the arm of man and the wing of a bird are homologous, but 
not analogous, structures; on the other hand, the wing of a bird and the wing of an insect are 
analgous, out not homologous. Serial homology refers to corresponding parts in successive 
segments of the body. 

Nomenclature. — Formerly there was much confusion in the anatomical 
nomenclature, due to the multiplicity of names and the lack of uniformity in 
using them. Various names were applied to the same organs and great diversity 
of usage prevailed, not only between various countries, but also even among 
authors of the same country. Recently, however, a great improvement has been 
made by the general adoption of an international system of anatomical nomen- 
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clature. This system was first adopted by the German Anatomical Society at a 
meeting in Basel, in 1895, and is hence called the Basel Nomina Anatomica, or 
briefly, the BNA- The BNA provides each term in Latin form, which is es- 
pecially desirable for international usage. Each nation, however, is expected to 
translate the terms into its own language, wherever it is deemed preferable for 
everyday usage. Thus in the present work the Anglicised form of the BNA is 
generally used. Where not identical, however, the Latin form is added once for 
each term in a place convenient for reference, and is designated by enclosure in 
brackets [ ]. Where necessary the older terms have also been added as synonyms. 

The Commission by whom the BNA was prepared included eminent anatomists represent- 
ing various European nations. The work of the Commission was vei^ thorough and careful, 
and extended through a period of six years. Amon^ the guiding principles in the difficult task 
of selecting the most suitable terms were the foUowmg: (1) Each part should have one name 
only. (2) The names should be as short and simple as possible. (3) Related structures 
should have similar names. (4) Adjectives should oe in opposing pairs. A few exceptions 
were found necessary, however. 

On account of its obvious merits, the BNA system has been generally adopted throughout 
the civilised world, and the results are very satisfactory. Comparatively few new terms have 
been thereby introduced, over 4000 of the 4500 names in the BNA corresponding almost exactly 
to older terms already in use by the Englishnspeaking nations. Certam minor defects in the 
system have been cnticised; but these are outweighed by the advantages of this uniform 
system. 

Abbreviations. — Certain frequently used words in the BNA are abbreviated as foUows: 
a., arteria (plural, aa., arterise); b., bursa; g., ganglion; gl., glandula; lig., ligamentum (plural, 
lig|[., ligamentah m., musculus (plural, mm., musculi); n., nervus (plural, nn., nervi); oss., 
0881S (or ossium); proc, processus; r., ramus (plural, rr., rami); v., vena (plural, w., vens). 

Terms of position and direction. — ^The exact meaning of certain fundamental 
terms used in anatomical description must be clearly understood and kept in 
mind. In defining these terms, it is supposed that the human body is in an 
upright position, with arms at the sides and palms to the front. 

The three fundamental planes of the body are the sagittal, the transverse and 
the frontal. The vertical plane through the longitudinal axis of the trunk, 
dividing the body into right and left halves, is the median or mid-sagittal plane; 
and any plane parallel to this is a sagittal plane. Any vertical plane at right 
angles to a sagittal plane, and dividing the body into front and rear portions is a 
frontal (or coronal) plane. A plane across the body at right angles to sagittal and 
coronal planes is a transverse or horizontal plane. 

Terms pertaining to the front of the body are anterior or ventral] to the rear, 
posterior or dorsal) upper is designated as superior or cranial) and lower as inferior 
or caudal. 

The term medial means nearer the mid-sagittal plane, and lateral^ further from 
that plane. These terms should be carefully distinguished from internal (inner) 
and external (outer), which were formerly synonymous with them. Internal, as 
now used (BNA), means deeper, i. e., nearer the central axis of the body or part; 
while external refers to structures more superficial in position. Proximal, in 
describing a limb, refers to position nearer the trunk; while distal refers to a more 
peripheral position. 

'Adverbial forms are also employed, e. ^., anteriorly or ventrally (forward, before); poster- 
iorly or dorsally (backward, behind); superiorly or cranially (upward, above); and inferiorly or 
caudidly (downwiurd, below). 

It should also be noted that the terms ventral, dorsal, cranial and caudal are independent of 
the body posture, and therefore apply equally well to corresponding surfaces of vertebrates in 
seneral with horizontal body axis. On this account these terms are preferable, and will doubt- 
less ultimately supplant the terms anterior. i>osterior, superior and inferior. 

Tlie discrimination in the use of several similar terms of the BNA should also receive atten- 
tion. Thus medianu8 (median) refers to the median plane. Medtcdis (medial) means nearer 
the median pluie and is opposed to lateral, as above stated. Mediua (middle) is used to desig- 
nate a position between anterior and posterior, or between internal and external. Between 
medialis and lateralis, however, the term intermedius is used. Finally, transversalis means trans- 
verse to the body axis; iransverauSf transverse to an organ or part; ana iransversariusy pertaining 
to some other structure which is transverse. 

Parts of the body. — The primary divisions of the human body (fig. 1) are the 
head, neck, trunk and extremities. The head [caput] includes cranium and face 
[facies]. The neck [collum] connects head and trunk. The trunk [truncus^ 
includes thorax, abdomen, and pelvis. The upper extremity [extremitas superior 
includes arm [brachium], forearm [antibrachium], and hand [manus]. The 
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lower extremity [extremitaa inferior] includes thigh [femur], leg [crus], and fof^ 
[pea]. 

Eacli of the parte mentioned tias further subdivisJons, as indicated in fig. 1. 
The cranium includes: crown [vertex]; bade of the head [occiput] ; /rontol region 
[sinciput], including /oreAeod [frons]; temples [tempera]; eart [aures], including 
ataides [auriculs]. 



Fia. 1. — Pabts or the Homah Body. 




The face includes the regions of the eye [oculus], noae [nasus], and movih [ob], 
the subdivisions of which will be given later under the appropriate sections. 

The thorax includes : breast [pectus] ; mammary gland [mamma] ; and thoracic 
cavity [cavum thoracis). The back [dorsum] includes the vertebral column 
[columna vertebralis]. The abdomen includes: navel [umbilicus]; flank [latus]; 
groin [inguen]; Unn [lumbus]; and the abdominal cavity [cavum abdominis]. The 
pelvis includes: pelvic cavUy [cavum pelvis]; genital organs [organa genitalia!. 
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buttocks [natesl, separated by a cleft [crena ani] at the anus. The hi-p [coxa] 
connects the pelvis with the lower extremity. 

In the lower extremity, the thigh is joined to the leg by the knee [genu]. The 
foot includes: keel [calxj; sole l^lantaj; instep [tarsus]; metatarsus; and five toes 
[digiti I— V], including the great toe [hallux] and little toe [digitus minimus]. 

The upper extremity is joined to the thorax by the shoulder. The arm is 
joined to the forearm at the elbow [cubitus]. The hand includes: turisl [carpus] ; 

Fig. 2. — Section of the Epidermir of a Finger, frou a Huuak Eubryo of 10.2 cu. 



metacarpus, with palm [vola or palma] and back [dorsum manus]. The five 
fingers [digiti I-V] include: thumb [poUex], index finger [index]; middle finger 
[digitus medius]; ring finger [digitus annularis] and little finger [digitus minimus]. 

Organ-systems.^Each of the various parts of the body above outlined is 
composed of various organs, and the groups of related organs make up organ- 
systems. 

The various organ-systems are treated as special branches of descriptive 
anatomy. The study of the bones is called osteology; of the ligaments and joints, 
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syndesmology ('or arthrology) ; of the vessels, angiology; of the muscles, myology; of 
the nervous system, neurology; and of the viscera, splanchnology. Further subdivi- 
sions are also made. The viscera, for example, include the digestive tract, 
respiratory tract, urogenital tract, etc. 

Tissues and cells. — The body, aa above stated, has various parts, each of which may be 
subdivided into its component systems and orguns. A further aoaiysis reveaLs a continued 
series of structural units of gradually decreasing complexity. Thus each organ is found to ei 



sistof anumberof ItKsiu'8 (epithelial, connective, muscular or nervous). Finally, e.ich tissue ia 
composed of a group of aimilar units called celU (figs. 2, 3) which are the ultimate structural units 
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of the body. The body may therefore be regarded as composed of myriads of cell units, organ- 
ized into units of gradually increasing complexity, very much as a social community is composed 
of individuals organized mto trades, municipalities, etc. 

Most of the mdividual tissues can be recognized by their (o^ss appearance. In fact, the 
principal tissues were first demonstrated by Bichat through skilful dissection, maceration, etc.. 
and without the aid of the microscope. The cellular structure of the tissues was later discovered 
by Schwann in 1839. 

Each cell (fig. 3) is composed of a material called protoplasnif a viscid substance variable in 
appearance and exceedingly complex in chemical composition. It readily breaks down into sim* 

Eler chemical compounds, whereby energy (chiefly in the form of heat and mechanical energy) is 
berated. It has also the power of absorbing nutritive material to build up and replace what 
was lost. Its decomposition results from stimuli of various kinds, and hence it is said to be 
irritable. The mechanical energy which it liberates is manifested by its contractility, especially 
in the muscle cells. It excretes the waste products produced by its decomposition. Each cell 
has the power, under favourable conditions, of reproducing itself by division. Protoplasm pre- 
sents, in short, all the forms of activity manifested by the body as a whole; and, indeed, the ac- 
tivities of the body are the sum of the activities of its constituent ceUs. 

In the protoplasm of each ceU is a specially differentiated portion, the nucleus (fig. 3). The 
nucleus plays an important part in regulating the activities of the cytoplasnif the general proto- 
plasm of the cell body. The nucleus differs from the cytoplasm both structurally and chem- 
icidly, and contains a very important substance, chroma^ny which during ceU division is aggre- 
gated into a definite number of masses called chromoaomea. The cytoplasm of actively growine 
cells also contains the archoplasm and centrosome, structures of importance in the process of cefl 
division. Further details concerning the ceUs and tissues may be found in the text-books of 
cytology and histology. 

In earlier days Human Anatomy was almost entirely a descriptive science, but little atten- 
tion bein^ paid to the significance of structure, except in so far as it could be correlated with 
physiological phenomena as they were at the time understood. In recent years attention has 
oeen largely paid to the morphology of the human body and much valuable information as to 
the meaning of the structure and relations of the various organs has resulted. Since the form 
and structure of the body are the final result of a series of complicated developmental chanffes, 
the science of Embryology has greatly contributed to our present knowledge of human Mor- 
phology; and, accordmgly, a brief sketch of some of the more important phases of morphogenesis 
will form a fitting intr^uction to the study of the adult. 

References. — General: For looking up the literature upon any anatomical 
topic, the best guide is the " Jahresbericht ueber die Fortschritte der Anatomie 
und Entwicklungsgeschichte," which contains classified titles and brief abstracts 
of the more important papers in gross anatomy, histology and embryology. 
Other useful aids are the **Zentralblatt fuer normale Anatomie/' the "Index 
Medicus" and the catalogue of the Surgeon Genera 's Library of the War Dep't. 
(Washington, D. C). The latter two contain titles only, but cover the whole 
field of medicine. The '^Concilium Bibliographicum" also provides a conveni- 
ent card-index system of references for the biological sciences, including 
Anatomy. 

For nomenclature: His, Archiv f. Anat., 1895 (BNA system); Barker, Ana- 
tomical Nomenclature. Cells and tissues: Wilson, The Cell; Hertwig, Zelle und 
Gewebe (also English transl.); Schaefer, Microscopic Anatomy (in Quain's 
Anatomy, 11th ed.); Heidenhain, Plasma und Zelle. 
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SECTION 1 

MORPHOGENESIS 

RsViaiD TOR THE FlPTH EDITION 

Bt C. M. JACKSON, M.S., M.D. 



CHANGE is a fundamental characteristic of all liTing things. The human 
body during ita life cycle accordingly passes through various phases of form 
and structure. In the earliest embryonic phases of development the 
changes are very rapid, decreasing in rapidity during the later foetal stages, but 
continuing at a diminishing rate throughout infancy, childhood and youUi up to 
the adult. Following the acme of maturity, changes continue which lead 
gradually to senescence and final death of the body. 



Hub cycle of change in the body depentls upon aimitar changeB in 
OS, each having its own characteristic life cycle. In a few ofthe o 



eaaential organs. 

A further an&lysis reveals the fact that the characteristic life cycles of the organs depend 
ultimately upon sinular changes in their constituent tissues and cells. Every cell has a definite 
life cycle, an early period characterised by rapid and vigourous changea. later periods of differen- 
tiation and maturity, followed by stages of degeneration and death. This cycle of cell changes 
has been designated by Minot as eytomorphosis. 

Growth. — Associated with the process of cell differentiation (cytomorphosia), and even 
more important as a factor in the morphogenesis of the body, is the prooeaa of growth. The 
developmental changes in form and structure of the body are due large^ to the unequal growth 
of its various parts. Growth, like other changes in the body and ita ports, depends ultimately 
upon the characteriatica of the constituent cells. 



Fio. 4. — The Ovum or a New-born Child, with Folmclk GELLa, (After Mertens.) 




The cell changes during growth may be grouped under two heads. The first, or growth 
proper, involves merely the eniaTgemenl (hypertrophy) of the individual cells and intercellular 
products. The second includes the muUipiicaiian (hyperplasia) of the cells, which is accom- 
plished by mitotic division. Cell division is necessary in cell growth, for otherwise the cell 
would soon reach a aiie «here its surface (for nutritive, respiratory and excretory purposes) 
would be inadequate for it« mass. In general, however, cell division is most active in the earlier 
embryonic periods, during which the cells remain small. Later, ceU division diminishes or 
ceases, and growth is due gbiefiy to enlargement of the cells already present- It is also during 
the later period, when the cells have ceased rapid division, that the process of cell differentiation 
and tissue formation is moat marked. 

The principle of the ratio of lurface lo mass often applies to the growing oi^ans as well as to 
the individual cells. To maintain the necessary ratio, the surface area is increased by the for- 
mation, through localised unequal growth, of pryeetvins (e, g., villi or folds) or invagijiationt 
(e. g., glands) from surfaces. Innumerable modifications of this principle occur throughout the 
process of morphogenesis. 
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Fio. 5. — Ovum fbou Ovabt of a Woman Tmett Yeahs of Age. 
n, Ducleua. y^olk. p, clear protoplaamic eodc, pt, peri vitelline apace. 
(McMurrich's Einbryology, from Nagel.) 




Fio. 6. — Stages o 
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SEGMENTATION OF THE OVUM 9 

While the present work deals primarily with the adult human organism in the 
stageof maturity, reference is made also to its changes according to age. Although 
these changes for the various systems of organs are described under the ap- 
propriate sections, it is desirable to consider first some of the more fundamental 
features pertaining to the body as a whole. This applies particularly to the 
earlier embryonic period, which includes the more general phases of morpho- 
genesis. No attempt will be made to describe fully the process of development, 
the details of which are to be found in textbooks of embryology. 

Segmentatioii of the ovum. — The human body, like all living orgaoistns, arises 
from a single cell, the egg-cell or ovum. An early stage in the development of the 
ovum is shown in fig. 4, and a later stage, approaching maturity, in fig. 5. The 
mature human ovum is about 0.2 mm. in diameter. In the uterine TFallopian) 
tube, the fertilised ovum undergoes segmentation, the various stages of which are 
represented in figs. 6 and 7. 



Fig. 7. — Diabram op Section 
TRROuau A Mauhalian Ovum at the 
Morula Stage. 



Fiu. a. — DiAORAu OP Section or 
a Mauualian Ovuii Showino the 
Inneb Cell Mass. 
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While the proceseea of maturation, fertilisation and segmentation have not ob yet been ob- 
served in the human ovum, the evidence of comparative anatomy makes it very proDable that in 
all essential respecta these processes are like those found in other mammals. As a result of the 
aucceBsive divisions of the ovum in seKmentation, a spherical mass of cells, the mortda (fig. 7) is 
formed. In this mass, an excentric cavity forma (fig. 8) whereby the mass is transformed into a 
hollow veaicle. The wall of this vesicle ia probably formed throughout the p«ater part of its 
extent by a aingle layer of cejla; but at one point of the circumference there is a group of cells 
termed the inner cell maes (fig. 8). Probablyabout this time the ovum enters the uterine cavity, 
and through the activity of the outer layer of cells l,trophoblail) becomes embedded in the uterine 
mucosa. 

Formation of the embryonic disc and germ layers. — In the earliest human 
embryos which have been described, development has already proceeded beyond 

Fio. B. — DiAORAU Showinq the Relations of the Germ Layerb in an Early Embrtq. 
Ac, amniotic cavity, lined by ectoderm. D, yolk-aac. lined by endoderm (fin). Me,Mtf, 
mesoderm, C, extra-embryonic ccelom. B, chorion. T, trophoblast. (McMurrich.) 



the stage represented by 
cell mass, two cavities hs 




^ i, and has reached that of fig. 9. Within the inner 
B appeared. The more superficial fac) is the amniolic 
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cavity; the deeper (D) is the cavity of the yothsac; while between them is a 
plate of cells forming the er^bryonic disc. The embryonic disc (figs. 9 and 10) 
contains three layers of cells, — the fundamental germ layers, — ectoderm (Eo), 
entoderm (En), and mesoderm. 

Thegenn layers of the emb^onic disc are of prime importance in the development of the 
body, ^ra the eetodenn, which lies next to the amniotic cavity and repreaenta the upper 
(later outer) germ layer, are derived the epidennia and the entire aervoua syaWm. From the 
emioderm, which lies next to the yolk-»ao, and repreeentB the lower (later inner) germ layer, is 
derived^tbe epithelial lining of the digestive mucosa and its derivatives. From the mesoderm, or 
middle germ layer, ia differentiated the remainder of the body, including the skeletal and sup- 
porting tisBuea, vascular system, muscle and most of the urogenital organs. 

The germ layers also extend beyond the embryonic disc, as shown in fi^O and 10. The 
yoU-joe is made up of a lining of endoderm and an outer layer of mesoderm. The amnion, which 

D EuBBTONio Disc, 




later becomes separated from the chorion, is composed of mesoderm lined by endodenn. The 
outer oell layers form the chorion, which likewise shows two layers, the outermost of which 
(trophoblast) is ectoderm, the inner, mesoderm. In fig. 10 the chorion is beginning to send out 
root-like projections (villi; which invade tlie uterine mucosa. 

It is tnus noteworthy that of the cells derived from the ovum relatively only a few — those of 
the embryonic disc — enter directly into the formation of the body, l^e yolk-sac, a rudimentary 
organ of phvlogenetic Bigoifioance, is later chiefly absorbed, although the proximal portion may 
enter sligotly into the formation of the intestinal wall. The amnion is a protective membrane, 
while the chorion forms the fcetal part of the placenta. 

Development of the embiyonic disc. — When first formed, the surface of the 
embryomc disc shows no trace of differentiation. A sUghtiy later but still 
comparatively early stage in its development is shown in fig. 11. It is here 

Fia. 11. — Model Showino the Eubryonic Disc prou an Eubrto 1.17 iiu. In Lbnotb. 
Viewed from above and laterally, the root of the amniotio cavity having been removed, n, 
primiUve pit (neurenteric canal), pg, primitive groove, mg, neural groove, b, body-stalk. 
(McMurrich, from Frassi.) 




viewed from above, the amnion having been removed. The disc is an elliptical 
plate, whose long axis represents the raid-line of the embryo. Near the center 
IS a small rounded depression, the primtlwe pit. Extending backward (toward the 
tail end of the embryo) from this is a dark line, the primitive streak, corresponding 
to a groove, the primitive groove. Extending forward from the primitive pit i!> an 
indistinct wide shallow groove, the neural groove. 
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fused lipa of & primitive blaatopore. They represent e. centre of prolifention Er^m which the 
meeoderm is budded off from the ectoderm and sproads out to form the middle germ layer (d the 
embmnio disc. 

At the anterior end of the primitive atfeak thia proliferation extends forward as a plate of 
cells, the Bo-called 'ktad proeeti.' The aicial portion of this proceea is the anlage of the noto- 
ehord, Uie embryonic BkcMtol axis. It contains a canal, which opens into the primitiTe pit. 
The notochordal anl&ge soon fuses with the underlying endoderm, and its canal forms the 
transient neuretUerie eanal. 

In the mid-line anterior to the primitive streak there appears the shallow neural grooee 
(fig. II), eorresponding to a thickened plate of ectodermic cells, the neurai jiaU. The neural 
groove is sUghtly forked at its posterior extremity, in the region of the primitivt lutde (Heneen'a 
node), which forms the dorsal Up of the primitive pit. As development proceeds, the neural 
plate extends posteriorly, and the primitive pit is accordingly shifted backward, the oorrespond- 
iDg part of the primitive groove being converted into 'head procen.' The primitive streak thus 
becomes progressively shortened (cf. figs. It and 13). 

Fia. 12. — TopooRAFSz or the Eubrtonic Disc. Diaqbau or Relations at tbe Lbnq^ - 
or ABOUT 1 UM. ng, neural groove, pn, primitive node, pp, primitive pit. U, upper limb. 
L, lower limb. 




Topography kA the embryonic disc. — Although only slight signs of differentia- 
tion are visible in the embryonic disc at the stage shown in fig. 11, it ia already 
possible to map out more or less definite areas corresponding to all the various 
r^ons of the future body, as shown in fig. 12. 

Beginning anteriorly, the head region is relatively e 
time the entire portion m front of the primitive pit and [< 
The cervical, thoracic, lumbar and sacro-coccygeal regions appear successively smaller, ap- 
proachins the posterior end ('tail bud') of the primitive streak. It is also a striking fact 
that the future dorsal re^on of the body wall, corresponding to the central portion of the disc, 
along each aide of tbe mid-line, is now larger than the ventro-lateral regions, which occupy a 
relatively narrow area around the periphery of the disc. 
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The topography of the eerminal are&s in the embryonic disc shown ia fig. 12 is based partly 
upon a study of the succeeding stages of development, and partly upon the results of experi- 
ments upon the germinal disc in lower forms, especially in the chick (Araheton, Peebles, Kopsch). 

Law of deTelopmentfll direction. — In the relative size of tlie various embryooic 
areas is foreshadowed what may be termed the law of direction id development. 
In general it is found that development (including growth and differentiation) in 




Chorion with *illi 



the long axis of the body appears first in tho head r^ion and progresses toward 
the tail r^on. Similarly in the transverse plane development begins in the 
mid-dorsal region and progresses latero-ventrally (in the limbs, proximo-distally) . 
These principles are oE great importance in morphogenesis. 




The law of develop me Dtsl direction is also probably of phylogenetic significance. The 
eranio-eaudal direction of development is in accordance with the theory that the head is the most 
primitive portion of the body, and hence precocious in developnient. The trunk id perhaps a 
secondary acquisition, hence ariiiing as an extension of the primitive head region. 
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The dorto-venlral direction of development, together with the plat«-like form of the embry- 
onic disc, has a different pbylogenetic significance. Both are probably inherited from an ances- 
tral type with a yolk-laden ovum. In Buch an ovum, with the meroblastic type of segmentation, 
the flattened embryonic disc gradually spreads from the dorsal surface in a ventral direction 
around the underlying yolk-mase. 

Derivation of body tube from embiyomc disc. — The primary result of tlie 
precociou9 growth in the dorsal region of the embryonic disc is the conversion of 
the disc into the body tube, curved veutrally in its long axis (fig. 14). 

Fio. 15. — Portion or Cnosa Section op the Embbto shown in Fio, 13. ch, notochord. 
Gf, somatic mesoderm, df, splanchnic mesoderm, g, junction of extra-embryonic somatic and 
splanidinio mesoderm, ek, ectoderm, en, endoderm. me. embiyonio mesoderm. /, neurftl 
groove, p, beginning of embryonic ccelom (pericardial cavity). (Minot, after Graf Spee.) 




As a result of the more rapid expansion of the germ layers (especially the ectoderm) near 
the mid-line, the dorsal surface of the embryonic disc in general becomes convex, with a depres- 
sion laterally (where growth is leas rapid) forming a Eroove at the Une of attachment of the am- 
nion (figs. 11, 12, 13, 14 B). The unequal growth in the germ layers is clearly evidentin the cross 
section shown in fig. 15. By a continuation of this process, the margins of the embryonic disc 
become still further depressed and finally folded in ventrally so as to transform the disc into a 
tube (fig. 14 D). Similarly, by a more rapid expansion of the dorsal layer of the disc in the lon- 
gitudinal axis, the head and tail ends of the disc are folded and tucked in ventrally, and the 
primitive body tube is thus correspondingly curved in its long axis (figs. 14 A, 14 C). 

Fig. 16. — Model of Human Eubhto 1.8 mm. Loho. Viewed from above, the roof of the 
amniotic cavity having veen removed. Near the caudal end of the neural groove, the primitive 
pit (opening ol neurenteric canal) is visible. The primitive somites are appearing in the ocdp- 




The embryonic disc is thus converted into a tube composed of an outer layer of ectoderm, 
a middle layer of mesoderm and an inner layer of endoderm. The yolk-ear now presents an 
expanded yolk-^MicU lined by endoderm which is still continuous through the constricted yolk- 
atalk with the endoderm lining the primitive enteric canity (fi,K, 14 C). The enteric cavity (or 
archenteron) has a blind tubular prolongation (fore gut) into the head region, and another (hind 
Kut) into the tail region, Fit>m the latter a slender diverticulum, the oj^ntou, extends into the 
body stalk (later the umbilical cord). The allantois is an organ of phylogenetic importance, 
with which the urinary bladder is later connected. 

Formation of the neural tube. — The principle of unequal growth applies to the 
formation not only of the body as a whole, but also of its constituent parts. 
Thus the anlage of the nervous system arises from the ectoderm as a wide groove 
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Those edges (neural ridges) by local growth are folded upward so as to meet in 
the mid-line where they fuse, thus transforming the groove into the neural tui« 
(figs. 11, 12, 13, 15, 16, 17, 18). 

The closure heana, not at the saterior end (as might be expected from the general law of 
aranio-oaud&l dgvelopiDent), but in the cervical region, extending forw&rd into the brain regioD, 
and backward along the spinal cord. Thus the extreme ends (anterior and posterior neuropores) 
are the last to close. 

The precocious and energetic growth of the neural anlage ia largely responsible for the veo- 
tral flexure of the embryonic body axis, especially in the head region, where the flexures of the 
brain are very conspicuous (figs. 22, 26). 

With the closure of the neural tube dorsally and of the alimentary canal ventrally the human 
embryo assumes the typical vertebrate form. The cylindrical body wall now encloses two tubes 
(neural and enteric) with the longitudinal axis (notocbord) between them (figs. 18, 24). 

After the embryonic disc has been transformed into a tube, the body of the liuman embryo 
in cron section appears not circular but elongated dorso-ventrally. This is the typical form for 
vertebrates with noriiontal body axis. In later festal stages, the body becomes more rounded in 
cross section, and finally, with the assumption of the erect posture in postnatal life, becomes 
decidedly flattenedidorso-ventrally (figs. 20, 21). 

Fia. 17. — ^A HouAN Eubrto 2,5 mm, in Length. (After Kollmann.) 




Development of the mesoderm. — The mesodermic layer on each 'side of the 
notochord in the embryonic disc develops in two divisions. The medial (or 
dorsal) divisions form a series of hollow segments, the somites (figs. 16, 17, 18). 
The lateral (later ventral) divisions each split into an upper (outer) or somatic layer 
and a lower (inner) or visceral layer. When the embryonic disc becomes folded, 
^e corresponding somatic and visceral layers unite ventrally and enclose between 
them the common calom or primitive body cavity (fig. 18). 

As previously noted, the mesoderm arises chiefly from the lateral portions of the 'head 
process. A comparatively early stage before the appearance of the somites is shown in cross 
section in fig. 15. The Bomit«H appear first in the occipital region, and rapidly differentiate 
Buocessively m the cranio-caudal djrection (figs. 16, 17, 22). In embryos 7 or 8 mm. in length, 
about 40 somites may be distinguished, 3 to 5 occipital, 8 cervical, 12 thoracic, 5 lumbar, Ssucral 
and 5 or Q coccygeal (in the rudimentary tail region). 

The ealom or body cavity is unsegmented. Two primitive pericardial cavities appear sepa- 
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rat« at fint, but soon fuse and unite with the general ccelom. Later the general cceloin becomes 
secondarily divided into the permanent pericardiai, pleural and peritoneal cavities. 

The outer layer of the lateral mesodermic division forms the somatic or parietal layer of the 
peritoneum, ete. The inner layer forms the visceral or Bplanohnio layer, and develops not only 
the serous membrane, but also the muscular and connective tissue of the walls of the alimentary 
canal and ite derivatives. 

Development of the somites. Metamerism. — Tlie appearance of the somites 
marks the beginning of metamerism, the arrangement of the body in successive 

Fio. 18. — DiAOBiUi OF A Cbobb Section of a Human Eubbto. 



Vtatril inaMdem, iltccral Itjei 







segments or metameres. Each somite develops a primitive muscle segment, 
myotome, and a skeletal segment, sclerotome (figs. IS, 19). Moreover, the cor- 
responding nerves and blood-vessels likewise assume a metameric arrangement. 
This metamerism persists (more or less modified) in the adult neck and trunk. 

The differentiation of the somites is illustrated by figs. IS and IS. The medial wall of each 
somite forms the icUrotome. Its cells migrate to form the corresponding vertebra, rib, etc., as 

Fio. 19. — DiAOBAMB Illubtbatino tre History of tbe Mesodebu. if, myotome, dM, 
dorsal portion of myotome. vM, ventral portion of myotome. SC, sclerotome, irr, genital 
xidge. Wd, Wolffian duct. Sm, somatic layer of mesocferm. Dm, viacenl layer of mesoderm, 
mr, membrana leuniens. 7, intestine. JV, neural tube. (McMurrich.) 
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tuie of the tatero-ventral body walls (Sgs. 19, 20, 21, 23). 

At the junction of the donat and ventral divisions of the meeoblast is a group of cells called 
the mUrmediatt cdi moMi. This mass becomes segmented (corresponding te the somit«e) and 
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each Hegment, or hrpkrolnti 
Otlicr cells ot the niasH bci 

tilMlIB, «U-. 

Ah licvelopmeDt procccilH, the inctamcriBiu of the mufclcs and arteries bei'oinca more or leM 
obsciircil. but (hat of the vertcbru? and nerves iii fully retuined e^'cn in theadull. In the c.i«coC 
the iiiUHcle pUtctt, fniin which all the voluntary musculature of the trunk iu derived, (creut inodi- 
ficntions occur. Ext^jnsivc fusion of successive |)lateH oceurH, the intervening connective tidBue 
disaiipcarinR more or lens completely; aiSiORioted n-itli thin fusion there is longitutlinnl and tan- 
lientialaplittingof thesoniitCH toform individual niuw:lcsi and purtionsof some of the plates may 
wander fur from their oriKinal position. But notwithslandinit these complicated changea, in- 
dications of the primary metameric aminfcenient of the muM'le plates are abundant, and even in 
the matt extreme casesof modification the developniental history of a muscle con be determined 
by means ot its nerve supply. For the fibres derived from each tilutc will umially retain, no 
matter what channes of imleijcnilence or position they may underno, the innervation by their 
originally correppondinK NPRmental nerve: so that the (Wcurenco in the lumbar rej^on of the body 
of inuHclc-fibres (the diapliniKni) HUpplied by nerve-fihres from a cervical ner^e is evidence that 
the mUHcle-fibres have been deriveil from a cervical mcModermic somite and have subsequently 
niii^atcd to the i>osition they finally occupy. 

As rexanls the arteries, they arise primarily from a longiludinal stem, the aorta, in a stricttv 
WKinental manner, each metumere havinfc dislriliiited to it two pairs of arteries and a iiinKle 
median one (fig. 20}. OncpairofarteriesHUppliesthelxidy wall, and these retain very distinctly 
their oriKinal metameric urrannement; the ottier pair passes to the paired viscera, such its llie 
luuRs, kidneys, ovaries (or testes), so many of the i>airH disapiwarinK, however, that their nieta- 
merio arraniieinent is not very evident in tlie adult. The unpaired vessck stipply the digestive 
tract and its unpaired appcniUtKes, such as the liver and piincn-as. and iiiidcrf^u great modifier- 
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Brancliiomerism.--'riiroui:li<>iit the trunk ari'i in'i'k ri'jjiims, ilicd, a fimda- 
iiiciitnl mrtitmcric plan uihIitIii-s ami lii'tiTiiiiui-i t.lir iirrariniTiiciit i>( intiiiy parts. 
In tliflif'iul thcroisalsiK'viilciit a piiiiiary aiTiumrTiu-ut of tlic i>iirts in siicrcssioti; 
hilt tliU jirranKomout ap|i(':ir.-) ti» lie somi^wliat ilitTiTcut from tliat of tlif trunk in 
that it involves the vi-ntral in^itrail of the ilnrsal nii-siulcrni anil is u-'.'^ociatcil with 
the oii'iirrcnco of hranrliial an-hi-s ralhi-r than witii tnit- nu'SDili-rinii' siiinitp.*. 
It is ('onset] nciilly tiTincil f>nincliii'Hii ri'^in. 

Not but that tiieo' iin- :d«' in.li.':iliou* of nictartn-ristii in Ih>' hiM.l. the nuisr-lc« of the orbit, 
and tlH! m.-ijorily of tin- cxlriiiMr; mu.tl'll'^< of tlic' loriniu', Inmihi-r with the niTves supplying 
tbe.-iv musclos, l)einK :it>p'<i'<'<i'lv mi-lainiTic slnii'tiiro. I>ul llii' [iii'l:i[ncrisin i>F this r<'i;iou of the 
biidv is laret^iv overshr.riim.-rl liv ihc l.ranchii ri^tii. 

'If an enibryii of alxuil llx' fiflii v.-fv.k of di-v<-loptticnl Ifit!. ■•2: be examined. (Iiere will be 
oliMTvi'd iin the imrfin'c uf Ibc IxHiy in the [liwrynKcal n'uion ihrec or four linear depre!<sioni9. 
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ood Nfctiuns will show that »iinikr und currespondinK Kroovea aUo occur upon the inner aurf&ce 
of the pharyngeal wall. Thene are the branchial groovig, and Hince they are four in number 
(with a rudimentary fifth) in the human embryo, they mark oCT five br/inchial (or rinceral) arches, 
the first of which liee between the oral depreeaion and the firnt branchial groove, while the fifth 
19 pituated behind the fourth groove. These branchial arches are so named becauw they repre- 
sent the arches which (excepting the first) support the gills (branchiiej in the lower vertebrates, 
the grooves repreisenting the branchial slita, even although they do not become perforated in 
the human cnibryo. 

I:^ch branchunncre consists of an axial skeletal structure, of muscles which act on this skeU 
eton, of a nerve which supplies the muscles and the neigbbouring integument and mucous mem- 
brjnc, and of an art«ry which carries hlood bo all these ijtructures. The arches, however, do 
not in the human embryo retain their original branchial function, but undergo extensive modi- 
fications, becoming adapted to various functions and showing lesain the adult of their originally 
simple arrangement than do the metaraercs. Ncvertheles-i no matter what modifications the 
musculature of any arch may undergo, it will retain its original innervation and, to a large 
extent, its relatiotti to the skeletal elements of its arch; and even the arteries in their distribu- 
tion sliow clear indications of being arranged in correspondence to the various arches. 




First arch 

Second arch . . 



ndible, malleu!> 
M (Ic. 



and Mast 

giU-t 

nu), Styl.. 



proil'Sr 
Third arch Ityoid (greater m 



ry, mylohoid and di- Trigeminus, 
itit.), iensor tynipani. 

:1. digastric (post.), Facialis. 
muscles uf expression, stujie- 

Pharyngcal Glnssopharyn' 



I'haryngfal and liiryngenl. .... \'agus. 



Branchial grooves. — Of the rxlinml hram-binl Qrintiix, the fint (lying iKtwei'ii mandibular 
and hyoi<l archc») becmiics deeiieneil to form the i /(■ riitil niiilititrii viealuH, the iiiurgins liemm- 
ing elevated to form the niirkle (fig. \iV><. The ivgion rurresixmiling to the ifccond. Iliird anil 
fourth external gro<ives becomes ilepre.-.-'ed. torniing the fimiK ornenlif, which soon i-Io-^h uj) 
&nd,dLs.-ippears. 

The iiiUrnal hramhial ijrnovm m |)ouirln.'s ruinmuiiicale with the pharyngeal cavity iind are 
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linod wiUt endodenn. The first internal groove becomes tr&nsfonned into the auditory [Eu 
ttaehian) (u6e, tj/mpanic eatrity, etc. The aeoond internal groove penisU in part aa the fossa o 
the palatine tonnl. The third and fourth Kroovea are probably repieeented in part by tb 
waBeada aiul reeeuut piriformit, detached portions of their lining endoderm giving riae to th 
l^fmtu, parathj/reoid glawU, etc. The rudimentary fiTth groove is said to give rise to tb 
IMinwbTanchUd body, a structure of uncertain significance (S%. 27). 

Devdopment (rf die face. — The facial region is at first relatively smalL 




firat'arcli, lutcrally by the upjwr (mamillary) process of the first arch. Above it is bounded^bya 
median plate, the r\a»al proci-sis, which on citlicr side forms a protuberance, the globular proottt. 
Lateral to thn gliihular itrocem Im u roimJrd dtpression, the naaal pit. The maxillary process 
eKt«Dds forward and fuHOs witli the globular process to form the upper jaw region (failure to 
unite resuhiiiK in the mnironnai ion known ns 'hare-lip'). The noae is at first broad, due to 
the width of the nasal procem, whinh luler Ijecomes the nasal septum (fig. 29). The naaal pits 
deepen and later acquire openings into the primitive mouth cavity. 

The viscera.—Tlic structurca so far considered belong, for the most part, to 
the body wall; it rciimiiw to consider the general plan of arrangement oC the 
viscera. It has been pointed out that the body may be regarded as a cylinder 
enclosing two tubcH, one of wLich constitutes the central nervous system and the 
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other the digestive tract. The latter may be regarded as beii^ primarily a 
straight tube traversing lengthwise the body cavity enclosed by the body wall 
(figs. 18, 20). The layers of both the visceral and somatic plates which im- 

Fia. 23. — Saoittal Skction Showino thb Friutive Pbricaiidial and Ccei^uic Coh- 
iniMiCATiON, Sbptum Transtebbuh, Litxb, etc,, in a Huiian Eubsto or 3 nit. (After 
KoUmann, from & model bj His.) 



Peiieardlsl ca*ItT 



B«Tt«Bi tnuumnimi 




ParitonMl caTll; 

mediately enclose the body cavity become transformed into a characteristic 
pleuro-perltoneal membrane. Near the mid-dorsal line, a vertical double plate 
of peritoneum extends ventrally connecting the somatic (parietal) and visceral 
layers of peritoneum, and constituting what is termed the mesentery (fig. 20). 

Fia. 24. — DiAQRAM IixirsTBATiNa the Rbcbbsion or tbe Diaphraom (Septou Tkamb- 
■wMBBvu) IN THE Huuan Eubryo. On the right are indicated the vertebral lovela: on the 
Mt, the poation of the septum tranaversum in a aeries of embryoe from 2 mm. (XII) to 
34 mm. (VI) in_length. pp, pleuro-peritoneal cavity. (Mall.) 




m modifications of the original arrangement of the mes- 

_ _ . _ . . . _ I in the section on tlie digestive Bystero. Several out- 

growuia alao arise from the primitive digeatire tract, to form important organs, BUQhfta^.^^^\^v, 
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original conditioQ ih practically retained, but the inveBtment of the pancreas lat«r becomes ft 
partial one on account of the modificatioDs which ensue in the mesentery. The bladder has 
only a portion of its surface in contact with the peritoneum, but the inveBtmeDt of the Iudob 
remains complete, each iung, indeed, appropriating to itself the entire visceral layer of its half 
of the thorax, with the exception of a small ventral portion which forms the investment of the 
heart. Furthermore, the cavities which surround each of the three orf^ana named, the two lungs 
and the heart, become completely separated from one another; and smce each investment con- 
sists of a visceral and a parietal layer, each of the organs is enclosed within a douhle-walled 
sac, which in the case of each lung forms its pleura, while that of the heart is known as the 
ptTicardium. The spaces which occur within the thorax between the plourff of the two sides 
are known as the mediaglina, which include the heart, (Esophagus, etc. (fie 21), 

In addition to the viscera mentioned there are some organs, such as the spleen and genito- 
urinary organs, which are developments of the mesoderm, the spleen arising in the mesentery 
which passes to the stomach and the geni to- urinary organs primarily from the intermediate 
cell mass. The morphogeny of these structures and also of the vascular system, nervous system, 
and sense organs will be considered later in connection with their structure. 

Fia. 25. — DiAoaAH oj a Cboss Sectiom of the Embryokic Body and Limb. (McMurrich, 
after KoUman.) 

Doiial dlTliion ol ^ 




PciltOBUl MTil 



Recession of the diaphragm and heart.— ^In the early atages of development 
the heart is situated far forward, in what will eventually be the pharyngeal 
region (6gs. 12, 17). Just behind (caudal to) the heart, between it and the yolk- 
sac, is a plate of connective tissue, the septum transuersum, which serves for the 
passage of large veins from the body wall to the heart (figs. 17, 23). This septum 
together with certain accessory structures eventually gives rise to the diapliragm, 
which becomes a complete partition separating the thoracic and abdominal por- 
tions of the body cavity. 

The diaphragm and heart are therefore originally situated far above (cranial to) their 
final position and recede in the course of development, producing an elongation of the vessels 
and nerves associated with them and forcing downward such orgnna as the stomach and liver 
(fig. 24). The chief factor in this displacement is probably the ventral head flexion and the 
precocious growth and expansion of the organs in the head region. The effects of this recession 
are especially noticeable in the nerves, these passing to the various organs concerned arising 
from a much higher level than that occupied by the organs. The nerve to the diaphragm, for 
instance, comes from the fourth cervical segment, those passing to the cardiac and pulmonary 
plexuses from the cervical region, aod those to the plexus in relation with the atomaoh, liver 
and adjacent organs from the thoracic region. The blood-vessels, however, may shift their 
orpins from the main trunks by successive anastomotic roots, so that in general they keep pace 
with the viscera in the migration caudalward. 

The limbs.^ — Each limb at its 6r3t appearance (fig. 22) is a flat, plate-like 
outgrowth from the side of the body, and consists of an axial mass (blastema) of 
mesodermic tissue from which the limb skeleton will develop, and, surrounding 
this, a layer, also of mesodermic tissue, from which the muscles and blood-vessels 
will arise. It is as yet uncertain whether the muscle blastema is derived from the 
myotomes (as in lower vertebrates) or whether it deve lops from the mesenchyme. 
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Fio. 27. — DiAaRAM to Show the Dbrivattveb op the Branchial Clkptb. I«, He, III*, 
IV«, Ve, external br&nohial groovea. It, Hi, Illi, IVi, Vi. interaai bruiohul groovea, Tona., 
piUfttinB tonaiL Ep III, Ep IV, epithelial bodies. Ub, ultunobr&nchial body. Tk., thyreoid 
^and. DMi. gU, ductus thyreoglosBUs. (Modified from Keibel and MoU.) 
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As the muscles become differentiated, nerves grow to them from a definite 
□umber of spinal segments (fig. 25). 

At fint each limb plate ie so placed that one of its surfaces looks doraally and the other ven- 
trally. and one border (that comeeponding to the thumb or great toe) is anterior (i. e., cnuiial) 
had tne other posterior (caudal). Later, however, each Umb becomes bent cauaally through 
about ninety degrees, bo that the limbs whose long axes were at first at right sjigles to the long 
axis of the body come to lie parallel to that axis. In addition there occurs a rotation of each 
fore-limb in such ft manner that the thumb turns latero-dorsally, while in the lower limb the 
direction of the movement is exactly the opposite, the great toe turning ventro-medially. As 
a result there is an apparent reversal of the surfaces in toe two limbs, the flexor muscles of the 
arm reaching on the surfan which is directed anteriorly, while in the lower limb the corre- 
sponding musdes occupy the posterior surface. The dorsum of the foot and the great toe side 
coTtespond respectively to the back and thumb side of the hand, the tibia corresponds to the 
radius and the fibula to the ulna. The limb antage soon becomes divided into three primsLry 
segments. The distal segment (hand or foot) is a flattened rounded disc, in which the digits 
soon appear (fig. 26). Tlie proximal portion forms the forearm or teg and the arm or thi^. 

In general, the extremities follow the law of c— ' -"-' — ' -■ '— ' ' '— - ^- ■ •• 

development. 



ir teg and the arm o _ 
>f cranio-caudal and dorso-ventral (piozimo-distel) 



Fia. 28B. — Face of Houan Bhbrto 
AT Staob SliobtliT Latu than 28A. 

(After KalUus.) 
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Prenatal 


Growth in Length 


AND Wkight 






Age in 
lunar 
months 


sitting height 
CMa5), cm. 1 

(diameter of ovum ' 
-0.2 mm.) 1 


Crown-heel or 

standing height 

(MaUl, cm. 


Weight at end of 
month, grams 

(Ovum - 0.000004 g.) 


Ratio of increase 
to weight at be- 
ginning of month 

















0.25 


0.25 




0.004 




999.0 


I 


2.5 


3.0 




2.0 




499.0 


n 


6.8 


g.8 




24.0 




11.0 


V 


12.1 


18.0 




120.0 




4.0 


V 


16.7 ! 


25.0 




330.0 




1.75 


VI 


21.0 1 


31.5 




600.0 




0.82 


VI 


24.5 1 


37.1 




1000.0 




0.67 


VIII 


28.4 


42.5 




1600.0 




0.60 


IX 


31.6 1 


47.0 




2400.0 




0.60 


'X 


33.6 1 


50.0 




3200.0 




0.33 



Prenatal growth. — The prenatal growth of the human body in length and weight is indi- 
cated in the preceding table. According to Hasse, the age of the fcetus may be estimated from 
its total length as follows. Before the fifth month, the square of the age in (lunar) monthsgives 
the length in centimetres. After this, the age in months mullipbcd by fi\e gives the length. 
This gives approximate results, except for the first month. 

While the growth in ofigoluie weight increases from month to month, it is miportant to note 
that the real (relative) growth rate rapidly diminishes. The ovum increases m weight during 
the first month about 1000 times, or 100,000 per cent, (not including the extra-embryonic 
structures). This rate diminishes rapidly, however, so that the mcrease during the last fcetal 
month is only about 33 per cent. 

The continuation of growth in length and weight during the postnatal period is shown in 
the following chart (fig. 30). 

The following chart is based upon data from Camerer (1-5 yrs,). Porter (6-17 yrs.},rand 
Roberts {18-20 yrs.), showing the average posinatal growth in height and ueight by sexes. 
Theaverageheight at birth is about 50 cm. (20 inches); weight, about 3200 g. (7 pounds). The 
male is slightly heavier and taller than the female, except during the acceleration at the period 

•270 days (Mall). 
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Fio. 30, — Chart Showing Avbbaoe Postnatal Gkowth in Height and Wbiqht. 
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of puberty. Pubertj^ occurs earlier in the femaie, so that between the ages of 12 and 15 the 
girls exceed the boys in average height and veight. With the exception of this period of accel- 
eration, the (relative )growth rate in general diminishes steadily from birth, and has practically 
ceased at 20 years. The average height at this, time is about 160 cm. (6 ft., Sin.) in the femaie, 
and 170 cm. (6 ft., 7 in.) in the male; average weight, about 56 kilograms (l^lbs.) in the female, 
and 65 kilograms (146 lbs.) in the male. Under favourable conditions, growth in height may con- 
tinue slowly up to about 25 years, and in weight even longer; but in old age there is a elight 
decrease in both height and weight. 

The following measurements (from Holt, "Diseases of Infancy and Childhood" 
may be taken as a normal average standard of growth during the first three 
years. The weights are taken without clothing. The height is taken by plac- 
ing the baby on a perfectly Qat surface like a table, and having some one hold 
the child's knee down so that he lies out straight, then taking a tape-measure 
and measuring from the top of his head to the bottom of his foot, holding the 
tape line absolutely straight. The chest is measured by means of a tape line 
passed directly over the nipples around the child's body and midway between 
full inspiration and full expiration. The head measurement is taken directly 
around the circumference of the head, over the forehead and occipital bone. 







Weight, 

pounds 


Height, 
inches 

20.6 
20.5 
25.4 
25-0 
29,0 
2S,7 

m.o 

29.7 
32.5 
32,5 
35 
35.0 


Cheat, 
1 inches 


Head, 
inches 




r 13.4 

13-0 
16.5 
16.1 
18.0 
17,4 
18.5 
18.0 
19.0 
18.5 
20.1 
19.8 






cS, 






6 months 

12 months. . . 


S ::::::: 

Boy. 

Girl, 


16.0 

15,5 

20.5 

19. S 


17,0 
16.6 
18.0 
17. « 


ill 


Girls 

^^^ ::::::: 
^ ::::::: 


22.0 

l.'6.5 

, , . . 25,5 

31.2 

30.0 


18.0 
18.9 
18.6 
19 3 
19.0 



Relative growth of the parts. — The growth of the body is not uniform in the 
various parts, and changes in proportions therefore occur during development, as 



1 Proportion During Fbenatai. and 




1 DK>. (fteMi) smo. HswboiD i m. Syri. u yii. i5 Tn. 

shown in fig. 31. It will be noted that the changes are in accordance with the 
law of developmental direction previously explained, the growth impulse passing 
along the body in a cranio-caudal direction. 

The head is therefore largest in the earlier stages, forming about half the body, decreasing 
to 25 per cent, in the newborn, and to 7 or 8 per cent, of the body in the adult. The upper 
limbs increase to about 10 per cent, of the body at birth, maintaining thereafter about the same 
relative aise. The trunk as a whole remains of about the same relative size (about 45 per cent.). 
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although the thoracicportion reaches its maximum in the earlier stages, and the pelvic portion 
not until adult life. The lower limbs , like the pelvis, develop slowly, forming about 20 per cent, 
of the body at birth and reaching 35 per cent, in the adult. 

Relatiye growth of the systems. — There is also a marked difference in the relative growth 
of the various systems. Data for the ahin and skeleton are somewhat scanty and unsatis- 
factory. The mtiscidaturef however, is relatively small in the embryo, increasing to about 25 
per cent, of the body in the newborn, and to 40 or 45 per cent, in the adult. The visceral group 
(including brain and spinal cord), on the other hand, is relatively largest in the early emoryo, 
decreasing from about 35 per cent, of the body to about 24 per cent, in the newborn and to about 
10 per cent, in the adult. 

Relatiye growth of the organs. — While in general, the individual organs follow the course 
of relative growth of the visceral group, each organ has its own characteristic course of growth. 
As a rule, after its appearance in the embryo, each organ increases more or less rapidly to its 
maximum relative size, after which, although increasing in absolute size, it decreases in relative 
size through subsequent prenatal and postnatal life up to the adult. 

Thus the brain in the embryo of the second month forms more than 20 per cent, of the body, 
but steadily declines to about 13 or 14 per cent, in the newborn, and about 2 per cent, in the 
adult. The spinal cord and eyeballs have a similar course of growth. The heart declines from 
about 5 per cent, of the body in the embryo of the second month to about .75 per cent, in the 
newborn and .46 per cent, in the adult. The liver decreases from a maximum of nearly 10 per 
cent, in the third month to 5 per cent, in the newborn and 2.7 per cent in the adult. The supror 
renal glands decrease from about .46 per cent, of the body in the third month to .23 per cent, 
in the newborn and .01 per cent, in the adult. The lungs decrease from 3.3 per cent, in the 
fourth month to about 2 per cent, of the body at birth and 1 per cent, (bloodless weight) in 
the adult. The kidneys reach a maximum of about 1 per cent, of the body toward the end of the 
foetal period, decreasing to about .46 per cent, in the adult. The thymuSf thyroid, spleen and 
(dimentary canal likewise reach their maximum slowly, being probably relatively largest about 
the time of birth. The ovary and testis, however, appear to be relatively largest during the 
prenatal period. 

Variability. — It must be borne in mind that all statements concerning struc- 
ture refer to the average or norniy and are always subject to variation. This is 
therefore a topic of importance to students of anatomy. Variations are classified 
as either germinal or somatic, 

Germinal variations are due to fundamental differences in the germ plasm^ and are trans- 
mitted by heredity. These include many of the characters whereby one individual differs from 
another. Variations according to sex are included under this class. Variations inherited from 
more or less remote ancestors are termed atavistic or reversional. 

Somatic variations, or 'acquired characters,' are due to environmental influences, such 
as nutrition, temperature, shelter, disease, training, etc. While somatic variations may be 
very great, they do not afreet the germ plasm and are not transmitted by heredity. 

In many cases it is exceedingly difficult to distinguish germinal from somatic variations 
Size, for example, may be due to either or both. Moreover, somatic variations may be pro- 
duced at any time after the fertihsation of the ovum. Very slight environmental changes are 
sometimes sufficient to produce a marked effect upon the dehcately balanced mechanism of 
the developing embryo. Malformations and pathological conditions are thus often to be 
explained. As to the extent of variability, some characters are much more variable than others. 
Height, for example, is less variable than weight. Moreover, variability differs in the various 
parts and organs. In general, the head and head organs are less variable than the remainder 
of the body. The skeleton and musculature appear less variable than the integument and 
viscera. 

Details concerning variations and methods for their measurement may be found in works 
on genetics and biometrical statistics. 

R^ereaces.— Embryology: Keibel and Mall, Human Embryology (2 vols.); 
Bryce, Quain's Anatomy, 1 1th ed., vol. 1 ; Minot, Laboratory Text-book of Embry- 
ology; McMurrich, Development of the Human Body. Growth: Minot, Age, 
Growth, and Death; Jackson, Amer. Jour. Anat., vol. 9; Anat. Record, vol. 3. 
Heredity: Davenport, Heredity and Eugenics; Walter, Genetics. Biometry: 
Davenport, Statistical Methods; Yule, Theory of Statistics. 
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THE SKELETON 

THE skeleton forms the solid framework of the body, and is composed of 
bones, and in certain parts, of pieces of cartilage. The various bones and 
cartilages are imit'ed by means of ligaments, and are so arranged as to 
give the body definite shape, protect from injury the more important delicate 
organs, and afford attachment to the muscles by which the various movements are 
accomplished. 

In its widest acceptance, the term skeleton includes all parts of the framework, whether 
internal or external, and as in many of the lower animals there are, in addition to tne deeper 
osseous parts, hardened structures associated with the integument, it is convenient to refer to 
the two groups as endoskeleton and exoskeleton or dermal skeleton, respectively. All verte- 
brate — ^i. e.» back-boned — animals possess an endoskeleton, and many of tnem a well-developed 
exoskeleton also, but in mammals, the highest group of vertebrates, the external skeleton, wnen 
it exists, plays a relatively suborainate part. In most of the invertebrates the endoskeleton is 
absent and the dermal skeleton alone is found. 

In man by far the greater part of the endoskeleton is formed of bone, a tissue of definite 
chemical composition, being formed mainly of a gelatine basis strongly impregnated with lime 
salts. 

The number of bones in the sl^eleton varies at different ages, some, which are 
originally quite independent, becoming united as age advances. They are ar- 
ranged in an axial set, which includes the vertebral column, the skull, the ribs, 
and the stemiun, and an appendicular set, belonging to the limbs. The following 
table shows the number of bones usually distinct in middle life, excluding the 
auditory ossicles: — 

BONBS. 

A --:oi f The vertebral column 26 

Qt 1 ♦ The skull 23 

DKeieton ^ ^j^^ ^j^^^ ^^ sternum 25 

Appendicular / The upper limbs 64 

Skeleton \ The lower limbs 62 

Total 200 

Several of the skull bones are compound, i. e., in the immature skeleton they consist of 
separate elements which ultimately unite to form a single bone. In order to comprehend the 
nature of such bones it is advantageous to study them in the various stages through which 
they pass in the process of development in the foetus and the child. 

It follows, therefore, that to appreciate the morphology of the skeleton — i. e., the history 
of the osteological units of which it is composed — the osteogenesis or mode of development of 
the bones must be studied, as well as their topography or position. 

Some bones arise by ossification in membrane, others m cartilage. In the embryo, many 
portions of the skeleton are repxf sented by cartilage which may become infiltrated by lime salts 
— calcification. This earthy material ia taken up and redeposited in a regular manner — 
ossification. Portions of the original cartilage persist at the articular ends oi bones, and, in 
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young bones, at the epiphysial lines, i. e., the lines of junction of the main part of a bone with the 
extremities or epiphyses. Long bones increase in length at the epiphysial cartilages, and increase 
in thickness by ossification ot the deeper layers of the investing membrane or periosteum. 
These processes — ^intracartilaginous and intramembranous ossification — proceed concurrently 
in the umb-bones of a young and growing mammal. 

There is no bone in the human skeleton which, though pre-formed in cartilage, is perfected 
in this tissue. The ossification is completed in membrane. On the other hand, there are nu- 
merous instances in the skull, of bones the ossification of which begins in, and is perfected by, the 
intramembranous method. Ossification in a few instances commences in membrane, but Later 
invades tracts of cartilage: occasionally the process begins in the perichondrium and remains 
restricted to it, never invadinfl; the underlying cartilage, which gradually disappears as the result 
of continued pressure exertea upon it by the growing bone. The vomer and nasal bones are 
the best examples of this mode oi development. Further details of development and ossification 
are included in the description of each bone. 

The limb-bones differ in several important particulars from those of the skull. Some of 
the long bones have many centres of ossification, but these have not the same significance as 
those of the skull. It is convenient to group the centres into two sets, primary and secondary. 
The primary nucleus of a long bone appears quite early in foetal life, and the main put (shaft) 
thus formed is called the diaphysis. in only three instances does a secondary centre appear 
before birth, e. g^ the lower end of the femur, the head of the tibia, and occasionally the heiui of 
the humerus. Many primary ossific nuclei appear after birth, e. g., those for the carpal bones, the 
cuneiform and navicular bones of the foot, the coracoid process of the scapula, and for the thirds 
fourth, and fifth pieces of the sternum. 

When a bone ossifies from one nucleus only, this nucleus may appear before or after birth. 
Examples: the talus (astragalus) at the seventh month of foetal life, and the lesser multangular 
(trapezoid) at the ei^th year. When a bone possesses one or more secondary centres, the pri- 
mary nucleus, as a rule, appears early. Examples: the femur, humerus, phalanges, and the 
calcaneus. 

Secondary centres which remain for a time distinct from the main portion of a bone are 
termed epiphyses. An epiphysis may arise from a single nucleus, as is the case at the lower end 
of the femur, or from several, as at the upper end of the humerus. Prominences about the ends 
of long bones may be capped by separate epiphyses, as illustrated at the upper end of the femur. 

According to Professor F. G. Parsons, there are at least three kinds of epiphyses: — (1) 
Those which appear at the articular ends of long bones, which, since they transmit the weight 
of the body from bone to bone, may be termed pressure epiphyses. (2) Those which appear as 
knob-like processes, where important muscles are attached to bones: and as these^e conoerncKi 
with the pull of muscles, they may be described as traction epiphyses. (3) THiTthird kind 
includes those epiphyses which represent parts of the skeleton at one time of functional import- 
ance but which, havmg lost their function, have now become fused with neighbouring bones and 
onlv appear as separate ossifications in early life. These may be termed aUwistic epiphyses 
and include such epiphyses as the tuberosity of the ischium, the representative of the 
hypoischium of reptiles. 

The epiphyses of bones seem to follow certain rules, thus: — 

1. Those epiphyses whose centres of ossification appear last are the first to unite with the 
shaft. There is one exception, however, to this statement, viz., the upper end of the fibula, 
which is the last to unite with the shaft, although its centre appears two years after that for the 
lower end. This may perhaps be accounted for by the rudimentary nature of the proximal end 
of the fibula in man and many other mammals. 

2. The epiphysis toward which the nutrient artery is directed is the first to be united with 
the shaft. It is also found that while the increase in length of the long bones takes place at the 
epiphysial cartilages, the growth takes place more rapidiv and is continued for a longer period at 
the end where the epiphysis is the last to unite. It follows, therefore, that the shifting of the 
investing periosteum, which results from these two factors, leads to obliquity of the vascular 
canal by (frawing the proximal portion of the nutrient artery toward the more rapidly growins 
end. Moreover, when a bone has only one epiphysis, the nutrient artery will be directed toward 
the extremity wnich has no epiphysis. 

3. The centres of ossification appear earliest in those epiphyses which bear the largest 
relative proportion to the shafts of the bones to which they belong. 

4. When an epiphysis ossifies from more than one centre, the various nuclei coalesce before 
the shaft and epiphysis consolidate, e. g., the upper end of the humerus. 

On section, the shaft of a foetal Iohr bone is seen to be occupied by red marrow lodged in 
bony cells which do not present any definite arrangement. In an adult the central portion of 
the shaft is filled with fat or marrow held together by a delicate reticulum of connective tissue, 
whence the space is known as the medullary cavity. The expanded ends of the bones contain a 
network of cancellous tissue, the intervals being filled with red marrow. This cancellous tissue 
differs from that of the foetal bone in being arranged in a definite manner according to the direc- 
tion of pressure exerted by the weight of the body, and the tension produced by the muscles. 
The arrangement of the cancelli in consequence of the mechanical conditions to which bones are 
subject is noticed in the description of a vertebra, the femur, and the humerus. 

Bones are divisible into four classes: — long, short, fiat, and irregular. The long bones, 
found chiefly in the limbs, form a system of levers sustaining the weight of the trunk and provid- 
ing the means of locomotion. The short bones, illustrated by those of the carpus and tarsus, 
are found mainly where compactness, elasticity, and Uniited motion are the principal require- 
ments. Flat bones confer protection or proviae broad surfaces for muscular attachment, as 
in the case of the cranial bones and the shoulder-blade. Lastly, the irregular or mixed bones 
constitute a group of peculiar form, often very complex, which cannot be included under either 
of the preceding heads. These are the vertebra, sacrum, coccyx, and many of the bones of the 
skull. 



THE VERTEBRAL COLUMN 

The shafts of long bonM at the time of birth a 
The m&jority of the Uaee and rideee ao conspicuous <. 
to the ossiGcatioQ of muscle-attaohments. The more developed the muscles, the better marked 
the ridges become. 

The surfaces of bones are variously modified by eavironing oonditiona. Pressure at the 
extremities causes enlargement, and movement renders them smooth. The two causes combined 
produce an articular surface. When rounded and supported upon a constricted portion of bone, 
an articular surface is turned a head, sometimes a condyle; when depressed, a glenoid fossa. 
Blunt, non-articular processes are calledtnberoaities; smaller ones, tubercles; sharp project iooa, 
spines. Slightly elevated ridges of bones are crests; when narrow and pronounced, luies ana 



Fio. 32.— The Tibia 
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borders. A shallow depression is a fossa, when narrow and deep, a groove; a perforation is 
usually called a foramen. 

In addition to these, other terms are employed which do not require any explanation, such 
as canal, notch or Inclsnra, sulcus or furrow, and the like. 



/. THE AXIAL SKELETON 

A. THE VERTEBRAL COLUMN 
The vertebral column [columna vertebraiis] consists of a series of bones called 
vertebrte, closely connected by means of fibrous and elastic structures, which 
allow of a certain but limited amount of motion between them. In the young 
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subject the vertebne are thirty-three in number. Of these, the upper twenty- 
four remain separate throughout life, and are distinguished aa movable or true 
Tcrtebra. The succeeding five vertebrse become consolidated in the adult to form 
one mass, called the sacrum, and at the terminal part of the column are four rudi- 
mentary vertebree, which also tend to become united as age advances, to form the 
coccyx. The lower nine vertebrse thus lose their mobility as individual bones, 
and are accordingly known as the fixed or false vertebrae. Of the true vertebne, 
the first seven are called cervical {cervicales], the succeedii^ twelve thoracic 
[thoracales] or dorsal, and the remaining five lumbar [lumbales]. 

Although the vertebne of the different regions of the column differ markedly 
in many respects, each vertebra is constructed on a common plan, which ia more 
or less modified in different regions to meet special requirements. The essential 
characters are well seen in the vertebne near the middle of the thoracic region, and 
it will be advantageous to commence the study of the vertebral structures with 
one selected from this region. 

Descripttoa of a thoracic vertebra (figs. 33, 34). — The vertebra consists of two 
essential parts — a body in front and an arch behind. 



Fia. 33. — A Thoracic Vertebra. (Side 




The body [corpus vertebrsej or centrum is a solid disc of bone, somewhat 
heart-shaped, deeper behind than in front, slightly concave on its superior and in- 
ferior surfaces, and wider transversely than antero-posteriorly. The upper and 
lower surfaces are rough for the intervertebral discs which are interposed between 
the bodies of the vertebrse, and the margins are slightly lipped. The circum- 
ference of the body is concave from above downward in front, convex fron side to 
side, and perforated by numerous vascular foramina. Posteriorly it is concave 
from side to side and presents one or two large foramina for the exit of veins from 
the cancellous tissue. On each side of the body, at the place where it joins the 
arch, are two costal pits (superior and inferior) [fovea costalis superior; inferior] 
placed at the upper and lower borders, and when two vertebne are superimposed, 
the adjacent costal pits form a complete articular pit for the head of a rib. The 
superior and inferior costal pits were formerly designated as "demi-facets." 

The arch [arcus vertebra;] is formed by two pedicles and two laminse, and 
supports seven processes — one spinous, two transverse, and four articular. The 
pedicles or roots of the vertebral arch (radices arcus vertebrse] are two short, con- 
stricted columns of bone, projecting horizontally backward from the posterior sur^ 
face of the body. The concavities on the upper and lower borders of each pedicle, 
of which the lower is much the deeper,are named vertebralnotche&[incisurae], and 
when two vertebra are in position, the notches are converted into intervertebral 
foramina for the transmission of the spinal nerves and blood-vessels. 

The laminae are two broad plates of bone which connect the spinous process 
with the roots (pedicles) and complete the arch posteriorly. The superior border 
and the lower part of the anterior surface of each lamina is rough for the insertion of 
the ligamenta flava. The upper part of the anterior surface is smooth where it 
forms the posterior boundary of the vertebral canal. When articulated, the 
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lamins in the thoracic region are imbricated or sloped, one pair over the other, 
somewhat like tiles on a roof. 

The Bpinous process [processus spinoaua], long and three-sided, projects back- 
ward and downward from the centre of the arch and terminates in a ^ight tubercle. 
It gives attachment by its prominent borders to the interspinouB ligaments and by 
its free extremity to the supraspinous ligament. It serves mainly as a process for 
muscular attachment. 

The' transverse processes [processus transversus] are two in number and extend 
laterally from the arch at the junction of the pedicles and lamiiue. They are long, 
thick, backwardly directed columns of bone terminating in a clubbed extremity, 
on each of which is a costal pit for articulation with the tubercle of a rib. The 
transverse processes, in addition to supporting the ribs, afford powerful leverage 
to muscles. 

The articular processes, two superior and two inferior, project upward and 
downward opposite the attachments of the transverse processes. The superior 
are flat and beta facets or surfaces (f acies articulares superiores] which are directed 



Fio. 34. — A Thoracic Vehtebra, (From above.) 
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upward, backward, and laterally, and are situated a little in advance of the inferior, 
the facets of which [facies articulares inferiores] are oval, concave, and directed 
downward, forward, and medially. 

The vertebral foramen is bounded anteriorly by the body, posteriorly and on 
each side by the arch. It is nearly circular, and Is smaller than in the cervical or 
the lumbar region. When the vertebne are articulated, the series of rings con- 
stitute the spinal or vertebral canal [canalis vertebralis], m which is lodged the 
spinal cord. 

THE CERVICAL VERTEBRAE 

A typical cervical vertebra (from the third to the sixth inclusive) presents the 
following characteristics (fig. 35) : — The body is smaller than in other regions of 
the column and is of oval shape with the long axis transverse. The lateral mar- 
gins of the upper surface are raised into prominent lips, so that the surface is 
concave from side to side; it is also sloped downward in front. The inferior sur- 
face, on the contrary, projects downward in front and is rounded off at the sides 
to receive the corresponding lips of the adjacent vertebra. It is concave antero- 
posteriorly and convex in an opposite direction. 

The roots (pedicles) are directed laterally and backward and spring from the 
body about midway between the upper and lower borders. The superior and 
inferior notches are nearly equal in depth, but the inferior are usually somewhat 
deeper. The InminHB are long, narrow, and slender. The spinous process is 
short and bifid at the free extremity. 
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Articular processes. — Both the superior and inferior articular processes are 
situated at the junction of the root with the lamina and they form the upper and 
lower extremities of a small column of bone. The articular surfaces are oblique 
and nearly flat, the superior looking backward and upward, and the iaferiw 
forward and downward. 

The transverse process presents near its base a round costo-transverse foramen 
[foramen transversarium] for the transmission of the vertebral artery, vein, and a 
plexus of sympathetic nerves. Moreover, each process is deeply grooved above 
for a spinal nerve, and is bifid at its free extremity, terminating in two tubercles — 
anterior and posterior. The costo-transverse foramen is very characteristic of a 
cervical vertebra. It is bounded medially by the pedicle, posteriorly by the 
transverse process (which corresponds to th^ transverse process of a thoracic 
vertebra), anteriorly by the costal process (which corresponds to the rib in the 
thoracic region), and laterally by the costo-transverse lamella. The latter is a 
bar of bone joining the two processes and directed obliquely upward and forward 
in the upper vertebrie and horizontally in the lower. The vertebral foramen is 
triangular with rounded angles, and is larger than in the thoracic or lumbra 
vertebrse. 



Fig, 35. — A Cervicai. Vertbbba. 
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Peculiar cervical vertebrK. — The various cervical vertebrse possess distinRuishing features, 
though, with the exception of the first, second, and seventh, which are so different as to neecasi- 
tate neparate descriptiona, these are largely confined to the direction of the costo-tranaverae 
lamella, and the size and level of the anterior and posterior tubercles. In the third the anterior 
tubercle ia higher than theposteriorand the costo-transverse lamella is oblique; in the fourth the 
anterior tubercle ia elongated vertically, so that its lower end is nearly on a level with the 
posterior, thouRh the lamella still remains oblique. In the fifth and sixth they are nearly on 
the same level, but in the latter the anterior tubercle is markedly developed to form the carotid 
tubercle. 

The Atlas or First Cervical Vertebra 

This vertebra (fig. 36) is remarkable in that it has neither body nor spinous 
process. It has the form of an irregular ring, and consists of two thick portions, 
the lateral masses, united in front and behind by bony arches. The anterior 
arch joins the lateral mtisses in front and constitutes about one-fifth of the entire 
circumference of the ring. On its anterior surface it presents a tubercle for the 
attachment of the longus colli muscle and the anterior longitudinal ligament, 
and on its posterior surface a circular facet [fovea dentis] for articulation with 
the odontoid process [dens] of the axis. The upper and lower borders serve for 
the attachment of ligaments uniting the atlas to the occipital bone and axis 
respectively. 

The lateral masses are thick and strong, supporting the articular proccsaes above and below 
and extending laterally into the transverse processes. The superior articular surfacea are - 
elongated, deeply concave, and converge in front. Directed upward and medially they receive 
the condyles of the occipital bone, and occasionally each presents two oval facets united by an 
isthmus. The inferior articular surfaces are circular and almost flat; they are directed down- 
ward and medially and articulate with the axis. The articular processes, like the superior 
articular processes of the axis, differ from those of other vertebra in being situated in front of 
the places of exit of the spinal nerves. ' '" 

Between the upper and lower articular surfaces on the inside of the rinjr are two smooth 
rounded tuberdes, one on each side, to which the transverse ligament is attached. This liga- 
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ment divides the interior ot the ring iato a smaller anterior part for the dens of the axis, and a 
l&rger posterior part, corresponding to the foramina of other vertebrs, for the spinal cord and 
ita membranes. 

The bmnsverse proCMses are large and extend farther outward than those of the vertebne 
immediately below, They are flattened from above downward and each is perforated by a large 
ctwto-tranBverae foramen; tike extremity is not bifid, but, on the contrary, is broad and rou^ 
for the attachment of numerous muscles. The posterior arch unites the lateral masses behind 
And forma about two-fifths of the entire circumference. It presents in the middle line a rougb 
elevation or tubercle representing a rudimento^ spinous process. At its juuction with the 
lateral moss on the superior surface is a deep groove, the sulcus arteri» vertobralis, which 

Fio. 36. — The First Cekvical Vbrtbbra or Atlas. 
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lodMS the vertebral arte^ and the subnjccipital (first spinal) nerve. The groove corresponds 
to tne superior notches of other vertebrse and occasionally it is converted into a foramen by a 
bony arch — the ossified oblique ligament of the atlas. A similar but much shallower notch is 
present on the inferior surface ot the posterior arch, and, with a correapondins notch on the 
&zis, forms an intervertebral foramen for the exit of the second spinal nerve. The upper and 
lower surfaces of the arch aSord attachment to ligaments uniting the atlas to the occipital 
bone and the axis. 

The atlas gives attachment to the following muscles: — 

Anterior arch Longus colli. 

Posterior arch Rectus capitis posterior minor. 

Transverse iprocess Rectus capitis anterior (minor), rectusTcapitis lateralis, 

obliquus capitis inferior, obliouus ciq>itiB superior, 
aplenius cervicis, levator scapuiEe, and intertraosver- 
sarii, anterior and posterior. 

Fig. 37. — The EptSTBOPHBus or Axis. 
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The Epistropheus (Axis) 

The epistropheus (axis) (fig. 37) is the thickest and strottgest of the bones of 
this re^oa, and is so named from forming a pivot on which the atlas rotates, 
carrying the head. It is easily recognised by the rounded dens (odontoid process) 
which surmounts the upper surface of the body. This process, which represents 
the displaced body of the atlas, is large, blunt, and tooth-like, and bears on its 
anterior surface an oval facet for articulation with the anterior arch of the atlas; 
posteriorly it presents a .nnooth groove which receives the transverse ligament. 
To the apex a thin narrow fibrous band (the apical dental ligament) is attached, 
and on each side of the apex is a rough surface for the attachment of the alar 



34 



THE SKELETON 



ligaments which connect it with the occipital bone. The enlarged part of the 
process is sometimes termed the head, and the constricted basal part the neck. 
The inferior surface of the body resembles that of the succeeding vertebrse and 
is concave from front to back and slightly convex from side to side. Its anterior 
surface is marked by a median ridge separating two lateral depressions for the 
insertion of the longua colli. 

The rcMts (pedicles) are stout snd broad; the ijminw are thick and prismatic; the Bplnoiu 
process is large and atroQR, deeply concave oo its under surface, and markedly bifid; the truu- 
verse processes are small, not bifurcated and not grooved. The costo-transverse foramen it 
directed very obliquely upward and laterally and the costal process is larger than the transvene. 



Fio. 38. — The Cervical VBRTEBRa. (Anterior view.) 




The superior articular surfaces are oval, and directed upward and laterally for articuUtioB 
with the atlas. They are remarkable in being aupiiorted partly by the body, and partly by tlw 
pedicles^ and in being situated in front of the superior notches. The inferior articnlu mnacM 
are similar in form and position to those of the succeeding vertebrte. 

The aids gives attachment to the following muscles: — 

Body Longus colli. 

Spinous process Obliquus capitis inferior, rectus capitis posterior major 

semispinaliB cervicis, iiit«rspinales^ multifidua. 
Transverse process Splenius cervicis, intertransversani, levatcff BcapulTi 

longissimus (transversalis) cervicis, scalenus medius. 



The Seventh Cervical Vertebra 

Situated at the junction of the cervical and thoracic regions of the vertebral 
column, the seventh cervical vertebra (figs. 38, 39) may be described as a transt- 
tional vertebra — i. e., possessing certain features characteristic of both re^ons. 

The spinous process is loiter than that of any of the other cervical vertebra. 
It is not bifurcated, but ends in a broad tubercle projecting beneath the ^dn, 
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whence the name vertebra protnineiis has been applied to this bone. The trans- 
verse process is massive; the costal element of the process is very small, but, on 
the other hand, the posterior or vertebral part of the process is large and becom- 
ing more like the transverse process of a thoracic vertebra. 

The costo-trsjisverae foramen is the smallest of the series and may be absent. It do«S not, 
as a rule, transmit the vertebral artery, but frequently gives passage to a vein. Occasionally 



there is usually a well-developed cervical rib. 



Fio, 39, — The Cervical Vbrtbbr*. (Posterior v 
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The seventh cervical vertebra gives attachment to the following muscles: — 

Body Longus colli. 

Spinous process Trapezius, rhomboideus minor, serratus posterior supe- 
rior, spleoius capitis, multindus, interspinales, semi- 
spinalis dorei. 

Transverse process IntertransveisBrii, levator coetie, scalenus posterior, 

iliocostalis dorsi (musculus accessorius), scalenus me- 
diuSj semispinalis capitis (complems). 

Articular process Multisdus, longiaaimus capitis (toachelomastoid). 

The cervical vertebrie exhibit great variation in regard to the extremities of their spinous 
processes. As a rule among Europeans, the second, third, fourth, and fifth vertebne possess 
oifid mines. The sixth and seventh exhibit a tendency to bifurcate, their tips presenting two 
Bmall uteral tubercles; sometimes the sixth has a bifid spine, and more rarely the seventh pre- 
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sente the same condition. Occaaioaally ail the cervical apines, with the exception of the second, 
are non-bifid, and even in the axis the bifurcation is not extensive. Id the lower races of men 
the cervical spines are relatively shorter and more stunted than in Europeans generally and, 
aa a rule, are eimple. The only cervical vertebra which presents a bifid spine in all races is the 
axis; even this may be non-bifid in the Negro, and occasionally in the European. (Owen, 
Turner, Cunningham.) 

The lamins of the lower cervical vertebra frequently present posteriorly distinct tubercles 
from which fasciculi of the muU^us muscle arise. Tney are usually confined to the sixth 
and seventh vertebne, but are fairly frequent on the fifth, and are occasionally seen on the 
fourth. 



Fio. 40. — Peculiar Thoracic Vbi 




THE THORACIC VERTEBRA 

The general characters of the thoracic (or dorsal) vertebra have already 
been considered. Their most distinguishing features are the pits on the trans- 
verse processes and sides of the bodies for the tubercles and heads of the ribs 
reepeetively. 

Peculiar thoracic vertebr«.^^cveral vertebne in this series differ from the 
typical example. The exceptional ones are — the first, ninth, tenth, eleventh, and 
twelfth (fig. 40). 
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The first thoracic vertebra is a transitional vertel>ra. The body in it» general 
conformation approaches very closely the seventh cervical, in that the greatest 
diameter is transverse, its upper surface is concave from side to side, and its lateral 
marjpns bear two prominent lips. On each side is an entire pit, close to the upper 
border, for the head of the first rib, and a very small pit (inferior costal pit) below 
for the head of the second rib. The spinous process is thick, strong, almost hori- 
zontal and usually more prominent than that of the seventh cervical, an important 
point to remember when counting the spines in the living subject. Occasionally 
the transverse process is perforated near the root. 

The ninth has superior costal pits, and usually no inferior; when the inferior 
pits are present, this vertebra is not exceptional. 

The tenth usually has an entire costal pit at its upper border, on each side, but 
occasionally only a superior costal pit. It has no lower pits and the pits on the 
transverse processes are usually small. 

The eleventh has a large body resembling a lumbar vertebra. The pits are on 
the pedicles and they are complete and of lai^e size. The transverse processes are 
short, show evidence of becoming broken up into three parts, and have no pits for 
the tubercles of the eleventh pair of ribs. 

In many mammaJs, the spines of the anterior vertebrio are directed backward, and those 
of the DOBttn'ior directed forward, whilst in the centre of the column there ia usually one spine 
vertical. The latter is called the anti-clinal vertebra, and indicates the point at which the 
thoracic begin to assume the characters of lumbar vertebrce. In man the eleventh thoracic is 
the anti-clioal vertebra. 

The twelfth resembles in general characters the eleventh, but may be distin- 
guished from it by the articular surfaces on the inferior articular processes being 
convex and turned laterally as in the lumbar vertebrs. The transverse process 
is rudimentary and tripartite, presenting for examination three tubercles, superior, 
inferior, and lateral, which correspond respectively to the mammillary, accessory, 
and transverse processes of the lumbar vertebra. There is one complete pit on 
the root (pedicle) for the head of the twelfth rib, 

A peculiarity, more frequent in the thoracic and lumbar than in the cervical and aacral 
reeionB of the column, is the existence of a half- vertebra. Such sptcimeos have a wedge-ahaped 
hoU-ceatrum, to which are attached a lamina, a transverse, superior, and inferior articular, and 
half a spinous process. As a rule, a half-vertebra is ankylosed to the vertebrie above and below. 

THE LUMBAR VERTEBRA 

The lumbar vertebrae (figs. 41, 42) are distinguished by their lai^esize and by 
the absence of costal articular surfaces. 

The body is somewhat reoiform, with the greatest diameter transverse, flat 
above and below, and generally slightly deeper in front than behind. The roots 



Fio. 41. — ^A LuuBAR Vbbtebri 




(pedicles) are strong and directed straight backward, and the lower vertebral 
notches are deep and lai^e. The lamiiuft are shorter and thicker than those of 
the thoracic or cervical vertebrte, and the vertebral foramen is triangular, wider 
than in the thoracic, but smaller than in the cervical region. The spinous process^ 
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thick, broad, and eomewhat quadrilateral, projects horizontally backward. It ia 
thicker below than above and terminates in a. rough posterior edge. The articular 
processes are thick and strong. The superior articular surface ia concave and 
directed backward and medially; the inferior is convex and looks forward and 
laterally. The superior pair are more widely separated than the inferior pair and 
embrace the inferior articular processes of the vertebra above. The posterior 
mar^n of each superior articular process is surmounted by the mammillaiy 
process or tubercle (metapophysis) which corresponds to the superior tubercle 
of the transverse process of the last thoracic vertebra. In man the mammillary 
tubercles are rudimentary, but in some animals they attain large proportions, as 
in the kangaroo and armadillo. The transverse processes are long, slender, 
somewhat spatula-shaped, compressed from before backward, and directed 
laterally and a little backward. They are longest in the third vertebra and dimin- 
ish in the fourth, second, and fifth, in this order, to the first, in which they are 
shortest of all. Their extremities are in series with the lateral tubercles of the 
transverse processes of the twelfth thoracic vertebra and also with the riba. 
With the latter the so-called transverse processes in the lumbar region are homol- 
ogous, and hence they are sometimes called the costal processes. Occasionally 
the costal element differentiates and becomes a well-developed lumbar rib. 
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Behind the base at each tmnaveree or coatal process is a smalt cmineace, directed down- 
ward, which corresponda with the inferior tubercle of the lower thoracic transverse proceM, 
and with the transverse processes of the thoracic vertebrte above, and is named the ftcceasorj 
process (aaapophysia). The accessory process represents the tip ot the partially suppreesed 
true transverse process of a lumbar vertebra. It ia well developed in some of the lower animala, 
as in the dog and cat. 

Each of the five lumbar vertebrie is readily recognized. The body of the first 
is deeper behind than in front; the body of the second is equal in depth in front 
and behind; the bodies of the third, fourth, and fifth are deeper in front than 
behind, but the third has long transverse processes and the inferior articular 
processes are not widely separated. The fourth has shorter transverse processes 
and the inferior articular processes are placed more widely apart. The fifth 
lumbar vertebra deviates in some of its features so widely from the other members 
of the series that special prominence must now be given them. 

The fifth lumbar vertebra is massive, and the body is much thicker in front 
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than behind in consequence of being bevelled off to form with the sacrum the aacro- 
vertebral angle. The transverse processes are short, thick, conical, and spring 
from the body as well as from the roots of the arch. They are very strong for the 
attachment of the ilio-lumbar ligaments. The spinous process is smaller than 
that of any of the other lumbar vertebra; the lamime project into the vertebral 
foramen on each side; and the roots are stout and flattened from above down- 
ward. The inferior articular processes are separated to such a degree as to be 
wider apart than the superior, and they articulate with the first sacral vertebra. 

The roots of the arch in thia vertebra are liable to & remarkable deviation from the coadi- 
tions found in otter parta of the spine. The peculiarity consists of a complete aoluUon in the 
continuity of the arch immediately behind the eupenor articular processes. In such speci- 
mens the anterior part consists of the body carrying the roots, transverse and superior articu- 
lar processes; whilst the posterior segment is composed of the lamiuK, spine, and inferior articu- 
lar processes. The posterior segment of the ring of this vertebra may even consist of two pieces. 
There is reason to beUeve that this abnormaUty of the fifth lumbar vertebra occurs in five per 
0«nt. of all Hubiects examined. Sir Wilham Turner, in his report on the human skeletons in 
the Challenger Reports, found seven examples among thirty skeletons examined. The skeletons 
in which this occurred were; — a Malay, an Andamanese, a Chinese, two Bushmen, an Eskimo, 
and a Negro. Turner ha^ also seen it in the skeleton oi a Sandwich Islander. A similar con- 
ditioD is occasionally met with either unilaterally or bilaterally in the thoracic vertebrte. 

THE SACRUM 

The five sacral vertebrEB (figs. 43, 44) are united in the adult to form the ob 
sacrum, a large, curved, triangular bone, firmly weeded between the innominate 
bones, and completing, together with the coccyx, the posterior boundary of the 



Fig. 43. — Thk Sacrum and Coccyx. (Anterior 




minor (or small) pelvis. Of the five vertebrie which compose the sacrum the 
uppermost is the lai^est, the succeeding ones become rapidly smaller, and the fifth 
is quite rudimentary. In the erect posture the sacrum lies obliquely, being di- 
rected from above downward and backward, and forms with the last lumbar 
vertebra an anterior projection known as the promontory. The sacrum presents 
for examination a pelvic and a dorsal surface, two lateral margins, a base, and 
an apex. 

Surfaces. — The pelvic surface, directed downward and forward, is smooth, 
concave from above downward and slightly from side to side. It is crossed in the 
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middle by four transverse ridges [linese traosversse] which represent the ossiSed 
intervertebral discs and separate the bodies of the five sacral vertebree. Of the 
bodies, the first and second are nearly equal in size and are larger than the third, 
fourth, and fifth, which, in vertical depth, are also nearly equal to each other. At 
the extremities of the transverse ridges on each side are four openings, called the 
anterior sacral foramina, which correspond to the intervertebral foramina in other 
regions of the column, and transmit the anterior divisions of the Erst four sacral 
nerves ; they are also traversed by branches of the lateral sacral arteries. The fora- 
mina are sepeJated by wide processes, representing the costal processes of the 
vertebra, which unite laterally to form the lateral portion (or mass) [pars lateralis). 
The latter is grooved for the sacral nerves, and rough opposite the second, third, 
and fourth sacral vertebrte, for the origin of the piriformia muscle. The lateral 
part of the fifth sacral vertebra gives insertion to fibres of the coccygeua. 

The dorsal siiriace is strongly convex and rough. The middle line is occu- 
pied by four eminences representing the somewhat suppressed spinous processes. 
Of these the first is the largest, the second and third may be confluent, and the 
fourth is often absent. The processes are united to form an irregular ridge or 



Fio. 44. — The Sacrom. (Posterior view.) 




crest [crista sacralis media]. The bone on each side of the spines is slightly 
hollowed and is formed by the united laminae. In the fourth sometimes, but 
always in the fifth, the laminsB fail to meet in the middle line, leaving a gap 
[hiatus sacralis] at the termination of the spinal canal, the lateral margins of wUch 
are prolonged downward as the sacral comua. They represent the lower articular 
processes of the fifth sacral vertebra and give attachment to the posterior sacro- 
coccygeal ligaments. Lateral to the laminie is a second series of small eminences 
which represent the articular and mammillary processes of the vertebrse above. 
The first pair are large for the last lumbar vertebra, the second and third are small, 
and the fourth and fifth are inconspicuous. Together they form a pair of irregular 
ridges [criatse sacrales articulares]. 

Immediately lateral to the articular processes are the posterior sacral fora- 
mina, four on each side; they are smaller than the anterior, and give exit to the 
posterior primary divisions of the first four sacral nerves. Lateral to the fora- 
mina on each side are five elevations representing the transverse processes. The 
first pair, situated at the junction of the posterior surface with the base, are large 
and conspicuous, and serve all for the attachment of ligaments and muscles. 



THE SACRUM 41 

Together they form on each aide of the sacrum an irregular ridge [criata sacralis lateralis). 
The space between the spinous and tracisverse processes presents a snallow concavity known oa 
the sacnU eroove, contmuouH above with the vertebral groove of the movable part of the 
column, and, like it, lodging the mulfi^ut muscle. Bridging across the groove and attached 
to the sacral spines medially, and to the lower and back part of the sacrum laterally, is the flat 
tendon of origm of the locro-tptnolw (erector «ptn2). The gluteua maximiu takes origm from the 
back of the lower two pieces of the sacrum. 

The base or upper surface of the sacrum bears considerable resemblance to the 
upper surface of the fifth lumbar vertebra. It presents in the middle the body, of 
a reniform shape, posterior to which is the upper end of the sacral canal bounded 
by two laminffi. On each side of the canal are two articular processes bearing well- 
marked mammillary tubercles. The conjoined transverse and costal processes 
form OD each side a broad surface, the wing or aU of the sacrum, continuous with 
the iliac fossa of the hip bone, and giving attachment to a few fibres of the iliacw. 



Fia 4S. — Left Lateral View of Sacruii and Cooctx. 




The lateral margins. — It has already been noted that the lateral portion of 
the sacrum is the part lateral to the foramina. It is broad and thick above, 
where it forms the ala, but narrowed below. The lateral aspect of the upper 
part presents in front a broad irregular surface, covered in the recent state with 
fibro-cartilage, which articulates with the ilium and is known as the auricular 
BUiface. It is bounded posteriorly by some rough depressions for the attachment 
of the posterior aacro-iliac ligaments. Below the auricular surface, the lateral 
margin is rough for the sacro-tuberous (greater) and sacro-spinous (lesser sacro- 
sciatlc) ligaments, and terminates in the projection known as the inferior lateral 
angle. Immediately below the angle is a notch, converted into a foramen by the 
transverse process of the first coccygeal vertebra, and a ligament connecting this 
with the inferior lateral angle of the sacrum. Through this foramen passes the 
anterior branch of the fifth sacral nerve. 

The apex is directed downward and forward and is formed by the inferior 
aspect of the body of the fifth sacral vertebra. It is transversely oval and 
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articulates by means of an intervertebral disc with the coccyx. In advanced 
life the apex of the sacrum becomes united to the coccyx by bone. 

The sacral canal is the continuation of the spinal canal through the sacrum. 
Like the bone, it is curved and triaogular in form at the base and Battened toward 
the apex. It terminates at the hiatus sacralis between the sacral comua, where 
the laminEB of the fourth and fifth sacral vertebra are incomplete. The canal 
opens on the surface by the anterior and posterior sacral foramina and lodges the 
lower branches of the cauda equina, the filum terminate, and the lower extremity 
of the dura and arachnoid. The sub-dural and sub-arachnoid spaces extend 
downward within the canal as far as the body of the third sacral vertebra. 

Differences in the two sexes. ^The sacrum of the female is usually broader in proportion 
to ita length, mucli lesa curved, and directed more obliouely backward than in the male. The 
curvature oi the female aacrum belongs chie&y to the lower part of the bone, whereas in the 
18 equally distributed over its whole length; but the curvature is subject to consider^le 

'a different akeletona. 



Fio. 46.— Babb o 




Racial dl£[«renees. — The human sacrum is characterised by its jpcat breadth in comparison 
with its length, though in the lower races it is relatively longer than m the higher. The propor- 

tion ia expressed by the gorroi indez '^ - - ,—^tr' The average sacral index in the British 

male ia 112, in the female 116. Sacra in which the index is above 100 are pUdyki^ric, M in 
Europeans; those under 100 are dolickohieru:, ss in most of the black races (Sir W. Turner). 



Fia. 47. — Thb Coccyx. A. Posterior 




THE COCCYGEAL VERTEBRA 

The four coccygeal vertebrie are united in the adult to form the coccyx [os 
coccygis] (fig. 47) . While four is the usual number of these rudimentary vertebrse, 
occasionally there are five, and rarely three. In middle life the first piece is 
usually separate, and the original division of the remaining portion of the coccyx 
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into three parts is indicated by transverse grooves. In advanced life the pieces 
of the coccyx, having previously united to form one bone, may also become 
joined to the sacrum. 

The first piece of the coccyx is much broader than the others. It consists of a body, 
transverse processes, and rudiments of a neural arch. The body presents on its upper surface 
an oval facet for articulation with the apex of the sacrum. On each side of the boay a trans- 
verse process projects laterally and is joined either by ligament or bone to the inferior lateral 
angle of the sacrum, forming a foramen for the anterior division of the fifth sacral nerve. From 
the posterior surface of the body two long coccygeal comua project upward and are connected to 
the sacral comua by the posterior sacro-coccygeal ligaments, enclosing on each side an aperture 
— the last intervertebral foramen — ^for the exit of the fifth sacral nerve. The coccygeal comua 
represent the roots and superior articular processes of the first coccygeal vertebra. 

The second piece of tne cocc3rx is much smaller than the first, and consists of a body, 
traces of transverse processes, and a neural arch, in the form of slight tubercles at the sides ana 
on the posterior aspect of the body. 

The third and fourth pieces of the coccyx, smaller than the second piece, are mere nodules 
of bone, corresponding solely to vertebral bodies. 

The anterior surface of the coccyx gives attachment to the anterior sacro-coccygeal ligament 
and near the tip to the levator ani; it is in relation with the posterior surface of the rectum. 

The posterior surface of the coccyx is convex, and the upper three pieces afford attachment 
to the gluteus mcLximva on each side, and the last piece to the coccygeal portion of the sphincter 
ani extemus. 

The lateral margins are thin, and receive parts of the sacro-sciatic ligaments, of the 
coccygei muscles, and of the levcUores ani. 

THE VERTEBRAL COLUMN AS A WHOLE 

The vertebral column (fig. 48) is the central axis of the skeleton and is situated in the 
median line at the posterior aspect of the trunk. Superiorly it supports the skull; laterally it 
^ves attachment to the ribs, through which it receives the weight of the upper limbs, and 
inferiorly it is supported by tne hip bones, by which the weight of the trunk is transmitted to 
the lower limbs. Its length varies in different skeletons, but on an average it measures about 
70 cm. (28 in.) in the male and about 2.5 cm. (1 in.) less in the female. To the entire length the 
cervical region contributes 12.5 cm. (5 in.), the thoracic 27.5 cm. (11 in.), the lumbar 17.5 cm. 
(7 in.), and the sacro-coccygefd portion the remaining 12.5 cm. (5 in.). The vertebral column 
presents a series of curvatures, four when viewed in profile and one when viewed from the front 
or back. The former are directed alternately forward and backward, and are named, from the 
regions of the column in which they occur, cervical, thoracic, lumbar, and sacral. The fifth 
curve is lateral, being in most cases directed toward the right side. 

The cervicaL thoracic and lumbar curvatures pass imperceptibly into one another, but at 
the jimction of tne last lumbar vertebra with the sacrum a well-marked angle occurs, known as 
the sacro-vertebral or lumbo-sacral angle, with the result that the promontory of tne sacrum 
overhangs the cavity of the minor (small) pelvis and forms a portion of the superior aperture of 
the small pelvis. 

The thoracic and sacral curves have their concavities directed forward and are developed 
during intra-uterine life. They are in obvious relation to two great cavities of the trunk, 
thoracic and pelvic, and may be regarded as primary or accommodation curves, for the thoracic 
and pelvic viscera. The thoracic curve extends from the second to the twelfth thoracic vertebra 
and the sacral curve coincides with the sacrum and coccyx. 

The cervical and lumbar curves have their convexities directed forward, and are developed 
during the first year after birth. They are essentially curves of compensation, necessary for 
the maintenance of the upright posture, and are brought about by modifications in the shape 
of the intervertebral discs. The cervical curve is formed about the third month, or as soon as 
the infant can sit upright. The great peculiarity of the curve is that it is never consolidated, 
being present when the body is placed in the erect position and obliterated by bending the head 
down upon the chest. The lumbar curve is developed about the end of the fint year or when the 
child begins to walk, but is not consolidated until adult life. (Symington.) The cervical curve 
extends from the atlas to the second thoracic vertebra, and the lumbar curve from the twelfth 
thoracic to the promontory of the sacrum. 

The lateral curve is situated in the upper thoracic region, and when directed to the right is 
probably associated with the greater use made of the right hand. This curve, however, is 
particularly liable to modification in different occupations and in different races. 

Viewea from the front, the vertebral column presents a series of pyramids due to the 
successive increase and decrease in size of the bodies. These become broader from the axis to 
the first thoracic vertebra and then decrease to the fourth thoracic. The first pyramid therefore 
includes all the cervical vertebrae except the atlas, and has the apex directecf upward and its 
base downward, whilst the second is inverted and formed by the first four thoracic vertebrap. 
The third pyramid, much the longest, is the result of the increase in size from the fourth thoracic 
to the fifth lumbar vertebra, and the fourth, which is inverted, is produced by the rapid contrac- 
tion of the sacr^ and coccygeal vertebrae. 

Viewed from behind, the spinous processes project in the middle line, and the transverse 
processes as two lateral rows. Of the spines, those of the axis, seventh cervical, first thoracic, 
and the lumbar vertebrae appear most prominent. On each side is the vertebral groove, the 
floor of which is formed in the cervical and lumbar regions by the laminae and articular processes. 
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Fia. 48. — Vertebrai. Colcun. (Lateral view.) . 
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and ID the thoracic region, by the lamime and transverse procemea. The tranaverse processes 
project laterally for a considerable distance in the atlas, first thoracic, and the middle of 
the lumbar series; they are shortest in the third cervical and the twelfth thoracic. 

In the lateral view, the intervertebral foramina appear oval in shape, and are small in the 
cervical, larger in the thoracic, and lar^st in the lumbar refpon. 

Structure of a vertebra. — The bodies of the vertebrte are largely composed of cancellous 
tissue, nithja thin outer covering of compact tissue. In a vertical section through the centrum 



Fio. 49.— A Di\- 




Turner.) 



the fibres of the cancellous tiasue are seen to be arranged vertically and boriiontally, the vertical 
fibres being curved with their concavities directed toward the centre of the bone. The hori- 
■ontal fibres are slightly curved parallel with the upper and lower surfaces, and have their con- 
vexities toward the centre of tne bone. They are not so well defined as the vertical set. 
(Waptaffe.) 

Oasification. — Tlie vertebrs in general. — The ossification of each vertebra takes place 
in cartilage from three ,iprimary and five secondary centres. The three primary centres 



Fio. 50. — A Vebtebral Centrdu in Section to Show the Pbessdbb Cubveb. 




appear, one in the body and two in the arch, about the seventh week of intrs-uterine life. 
Id the thoracic region the nucleus for the bodv appears first, but in the cervical region it is pre- 
ceded by the centres for^he arch. The nucleus for the body soon becomes bilobed, and this 
condition is sometimes so pronounced as to give rise to the appearance of two distinct nuclei. 
Indeed, the nucleus is very rarely double and the two parts of the body may remain separate 
throughout life (fig. 4ft). The bilateral character of the nucleus is further emphasised by the 
occasioDal formation of half-vertebrx. The lateral centres are deposited near the bases of the 
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■uperior articular processes and give rise to the roots, lamiue, articular, and the greater 
parts of the transverse and spinous processes. 

At birth a typical vertebra consists of three osseous pieces — a body and two lateral masses, 
which constitute the arch, the parts beln^ joined togetner by hyaline cartilage. The line of 
union of the lateral portion with the body is known as the nevro-ceniral sulure, and is not actually 
obUterated for several years after birth. In the thoracic region the central ossification does not 
passbeyondthepointwith which the head of the rib articulates, and leaves a portion of the body 
on each aide formed from the lateral ossification. A thoracic vertebra at the fifth year shows 
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that the pits for the heads of the ribs are aitusted behind the neuro-central suture, which u 
directed obliquely backward and mediall)[. The lamime unite during the first year alter birth; 
and by the gradual extension of ossification into the various processes, the vertebrs have at- 
tained almost their full size by the time of puberty. Subsequently the secondary centres 
appear in the cartilaginous extremities of the spinous and traosverae processes, and in the corti- 

Fia. 53, — Cervical Vbhtebra showinq tse Epiphtsial Platz on the Uppbb SuarACE of 




la^ on the upper and lower surfaces of the bodies, forming in each vertebra two annular plat«s, 
thickest at the circumference and gradually thinning toward the central deficiency. The 
epiphyses appear from the fifteenth to the twentieth year and join with the vertebra by the 
twenty-fifth year. 

Fia. 53. — LuwBAB Vertebra at the Eiohteenth Year with Secondary Centres. 




In several vertebrae the mode of ossification differs froin the account given above — ia some 



Fia. 54. — Upper Thobacic Vertebra with an Epiphtsial Plate Rbuoved and Drawn at 

THE Side. 

The plate shows the characteristic deficiency in the centre. (Natural site.) 




The anterior arch is ossified from one centre, which, however,_ does not appear until a few months 
after birth. Union of the lateral parts occurs posteriorly in the third year, being sometimes 
preceded by the appearance of a secondary centre of ossification in the intervening oartilage, 
and the uuon ol tne lateral porta with the anterior arch occurs about the sixth year. 
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EpiitropheiM. — The arch, and the proceeoes associated with it, are formed from two lateral 
centres which appear, like those in the other vertebrs, about the seventh week. The common 
piece of cartilage which precedes the body and dens is oaaified from four (or five) centres, one 
(or two) for the body of the axis, in the fourth month, two, laterally disposed, for tiie dens, a 

Fio. as. — luuATURE Atlas. (Third year.) 




few weeks later, and one, for the apex of the dena, in the second year. The two collateral centres 
for the main part of the dena soon coalesce, so that at birth the axis conHlats of four osseous piecee 
— two lateral portions which constitute the arch, the body, and the dens, surmounted by a 
piece of cartilage. During the third or fourth year the dens joins with the body, the line of 



Fia. 56. — Development o 



s Epistropheus. 




union being indicated even in advanced life by a small disc of cartilage, and the arch unites in 
front and behind about the same time or a little later. The apical nucleus of the dena, which 
represents an epiphysis, joins the main part about the twelfth year and in the seventeenth year 




an epiphysial plate appears for the lower surface of the body. There are also rudiments, 
ad)omin| the cartilagmous disc, of the upper epiphysial plate of the body. 

Cervical vertebra. — In the cervical vertebra the lateral centres form a larger share of the 
body than in the vertebrte of other regions, and the neuro-central suture runs aJmost in a sag- 



Fio. 58. — The Epistrofheub (i 
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ittal direction. The sixth, seventh, and even the fifth have additional centres which appear 
before birth for the anterior or costal divisions of the transverse processes. In the other cer~ 
vicftl vertebrffi the costal "processes are ossified by extension of the lateral nuclei. The costal 
processes of the seventh cervical sometimes remain separate, constituting cervical ribs. 
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Lumbar Tertebrs. — In the lumbar vertebrsB the neuro-central suture is ahnost transverse, 
and to the usual number of centres of ossification, two other epiphyses for the mamniillary 
tubercles are added, the centres appearing about puberty. The transverse process of the first 
lumbar vertebra is occasionally developed from an independent centre. 

The fifth lumbar exhibits in some cases a special mode of ossification in the arch. Instead 
of two centres, there are four — one on each side for the root, transverse process, and supe- 

Fig. 59. — An Immature Cervical Vertebra. 




Neuro-central suture 



rior articular process, and another on each side for the lamina, inferior articular process, and the 
lateral half of the spinous process (fig. 60). There may be failure of union ot roots with the 
laminsB or of the lamins with one another. 

Sacral vertebrflB. — ^The sacrum ossifies from thirty-five centres, which may be classified as 
follows: — In each of the five vertebrse there are three primary nuclei — one for the body and two 
for the arch; in each of the first three the costal element of the lateral mass on each side is 

Fig. 60. — Ossipication op the Fifth Lumbar Vertebra. 
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formed from a separate nucleus; associated with each body are two epiphysial plates; and on 
each lateral maripn are two irregular epiphyses, one for the auricular surface and another for 
the roug^ edge below. 

The centres for the bodies appear about the eighth or ninth week and for the vertebral 
arches about the sixth month. The arches join the bodies at different times in the different 

Fig. 61. — Sacrum at Birth to show Centres op Ossipication. (Enlarged one-third.) 

Ossific centre in the body of first sacral vertebra. 
Beneath this are seen in succession the centres in the 
bodies of the second, third, fourth, and fifth vertebrss 




Ossific centres in the lateral mass 




vertebrsB, ranging from the second year below, to the fifth or sixth year above, and union of the 
laminse takes place behind some years later, from about the ninth to the fifteenth year. 

The centres for the costal elements appear outside the anterior sacral foramina, from the 
fifth to the seventh month, and these unite with the bodies somewhat later than the arches. 

The centres for the epiphysial plates appear about the fifteenth year, and for the auricular 
epiphyses and the edges below, from the eighteenth to the twentieth year. 
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CoDsolid&tion begioa soon after puberty by fuaion of the costal proceasea, and this ia followed 
by ossiGcatioD from below upward in the intervert^rol discB, resulting in the union of the 
ftdjacent bodies and the epiphysial plates, the oaaifio union of the fitst and second being com- 
pleted by the twenty-fifth year or a little Uter. The marginal epiphyses are also united to the 

Fig. 62. — The Sacbuu at Four Ybarb or Aax (B). The Figure at the Top (A) Shows 
THE Base Drawn from Abovb. (Three-fourtha natural aiie.) 




cygeaf vertebrv. — The coccygeal vertebrs are cartilaginous at birth and each is usually 
OBBified iTQUi a sinEle centre, though there may be two for the first piece. Ossification be- 
gins soon after birtn in the first segment, and in the second from the fifth to the tenth year. 



Fio. 63.--SACHUI1 A 



)UT TwBN-TY-Two Ybars. (ThrBe-fifths natural sise.) 

Spipby«UI pbl* OB the sppar nutac* cl bsdj of Snt hcibI Tertabn 




The centres for the third and fourth acgmenta appear just before, and after, puberty respec- 
tivel^. As age advances the various pieces become united with each other, the three lower 
uniting before middle life and the upper somewhat later. In advanced life the coccyx may join 
with the saorum, the union occurring earlier and more frequently in the m^e than in the female. 
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The Serial Morphology of the VertAra 

Although at fiiet eight many of the vertebne exhibit peculiaritiee, nevertheleBS a stud; 
of the mode by which they develop, and their variations, indicates the Horial homology of the 
conatituent porta of the vertebre in each region of the column. 

The body (centrum) of the vertebra ie that port which immediately surrounds the noto- 
chord. This port is present in all the vertebrte of man, but the centrum of the atlaa is disso- 
ciated from ite arch, and ankyloaed to the body of the epistropheus. The reasons for regard- 



Fia. 64, — MoKPHoiAioT of thb TitANBVKBax and Articulab Procbssbs. 




ing the deoa aa the body of the atlas are these: la the embryo the notochord paases throu^ 
it on its way to the base of the cranium. Between the dens and the body of the axis then u 
a swelling of the notochord in the euly embryo as in other intervertebral regions. This awelt 
ing is later indicated by a small intervertebral disc hidden in the bone, but persistent tma in 
old age. Moreover, the dens ossifies from primary centres, and in chelonians it remains as a 
separate ossicle throughout life; in Ornithornynchus it remains distinct for a long time, and it 
has been found separate even in an adult man. Lastly, in man aoud many mammals, an ep>- 
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physial plate develops between it and the body of the axis. The anterior arch of the atlas 
represents a cartilaginous hypochordal barf which is present in the earlv stages of development 
of the vertebrffi, but disappears in all but the atlas in the ossification of the body. 

The arches and spinous processes are easily recognised throughout the various parts of the 
column in which complete vertebrse are present. 

The articular processes or zygapophyses are of no morphological value, and do not require 
consideration here. 

The transverse processes offer more difficulty. They occur in the simplest form in the tho- 
racic series. Here they articulate with the tubercles of the ribs, whence the term tubercular 
processes or diapophyses has been given them (the place of articiilation of the head of the rib 
with the vertebra is the capitular process or parapophysis), and the transverse process and the 
neck of the rib enclose an arterial foramen named the costo-transVerse foramen. In the cer- 
vical region the costal element (pleura^^ophysis) and the transverse process are fused together, 
and the conjoint process thus formed is pierced by the costo-transverse foramen. The com- 
pound nature of the process is indicated by the fact that the anterior or costal processes in the 
lower cervical vertebrsB arise from additional centres and occasionally retain their independence 
as cervical ribs, and in Sauropsida (birds and reptiles) these processes are represented by free 
ribs. In the lumbar region^ the compound nature of the transverse process is further marked. 
The true transverse process is greatly suppressed, and its extremity is indicated by the accessory 
tubercle. Anterior to this in the adult vertebrse a group of holes represents the costo-transverse 
foramen, and the portion in front of this is the costal element. Occasionally it persists as an 
independent ossicle, the lumbar rib. 

In the sacral series the costal elements are coalesced in the first three vertebras to form the 
greater portion of the lateral portion for articulation with the ilium, the costo-transverse fora- 
mina being completely obscured. In rare instances the first sacral vertebra wiU articulate with 
the ilium on one side, but remain free on the other, and under such conditions the free process 
exactly resembles the elongated transverse process of a lumbar vertebra. The first three sacral 
vertebrsB which develop costal processes for articulation with the ilium are termed true sacral 
vertebrse, while the fourth and fifth are termed pseudo-sacral. A glance at fig. 64 will show the 
homology of the various parts of a vertebra from the cervical, thoracic, lumbar, and sacral 
regions. 



B. BONES OF THE SKULL 

The skull is the expanded upper portion of the axial skeleton and is supported 
on the summit of the vertebral column. It consists of the cranium, a strong bony 
case enclosing the brain and made up of eight bones — viz., occipital^ two parietal^ 
frontaly two iemporaly sphenoid, ethmoid; and the bones of the face, surrounding 
the mouth and nose, and forming with the cranium the orbital cavity for the 
reception of the eye. The bones of the face are fourteen in number — viz., two 
maxiU(By two zygomatic (malar) y two nasaly two lacrimaly two palatey two inferior 
conches (turbinates) y the mandihUy and the vomer. All the bones enumerated 
above, with the exception of the mandible, are united by suture and are therefore 
immovable. The proportion between the facial and cranial parts of the skull 
varies at different periods of life^ being in the adult about one (facial) to two 
(cranial), and in the new>born infant about one to eight. A group of movable 
bones, comprising the hyoidy suspended from the basilar surface of the cranium, 
and three small bones, the incuSy malleuSy and stapesy situated in the middle ear or 
tympanic cavity, is also included in the enumeration of the bones of the skull. 

According to the BNA nomenclature, the term cranium is used in a wider sense as synony- 
mous with skully and is subdivided into cranium cerebrate (cranium in the narrower sense) and 
cranium viscerate (facial skeleton) . In the BNA, seven bones above listed with the facial, — 
two inferior conchse, two lacrimal, two nasal and the vomer — are classed with the cranium 
oerebrale. 

THE OCCIPITAL 

The occipital bone [os occipitale] (fig. 65) is situated at the posterior and 
inferior part of the cranium. In general form it is flattened and trapezoid in 
shape, curved upon itself so that one surface is convex and directed backward 
and somewhat downward, while the other is concave and looks in the opposite 
direction. It is pierced in its lower and front part by a large aperture, the foramen 
magnum, by which the vertebral canal communicates with the cavity of the 
cranium. 

The occipital bone is divisible into four parts, basilar, squamous, and two 
condylar, so arranged around the foramen magnum that the basilar part lies in 
front, the condylar parts on either side, and the squamous part above and behind. 
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SpcHikinK generally, this division corresponds to the four separate perts of which the bone 
ooDfiiBta at the time of birth (fig. S9), kaown as the basi-occipital, supra -occipital, &nd «z- 
occipital. In early life these parts fuse together, the tines of junction of the supra-occipital and 
ex-occipitats extending lateralward from the posterior margin of the foramen mft^um, and 
those of the ex-occipitals and basi-occipital pasaiag through the condyles near their ulterior 
extremities. It must be noted, however, that the upper portion of the squamous part represents 
an additional bone, the interparietal. 

The squamous part [squama, occipitalis] (supra-occipital and iaterparietal) 
presents on its convex posterior surface, and midway between the superior angle 
and the posterior margin of the foramen magnum, a prominent tubercle known 
as the external occipital protuberance, from which a vertical ridge — the external 
occipital crest — runs downward and forward as far as the foramen. The pro- 
tuberance and crest give attachment to the ligamentum nuchse. 

Fig. 65. — The OcciprrAL. (External view.) 
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Arching lateralward on each side from the external occipital protuberance 
toward the lateral angle of the bone is a semicircular ridge, the superior nuchal 
line [linea nuchie superior], which divides the surfat-c into two parts — an upper 
[planum occipitale] and a lower [planum nuchale]. Above this line, a second less 
distinctly marked ridge — the highest nuchal line [linea nuchas suprema] — is 
usually seen. It is the most curved of the three lines on this surface and gives 
attachment to the epicranial aproneuosis and to a few fibres of the occipitalis 
muscle. Between the superior and highest curved lines is a narrow crescentic 
area in which the bone is smoother and denser than the rest of the surface, whilst 
the part of the bone above the hnea suprema is convex and covered by the scalp. 

The lower part of the surface is very uneven and subdivided into an upper 
and a lower area by the inferior nuchal line, which runs laterally from the middle 
of the crest to the jugular process. 
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The curved Unea and the areas thua mapped out between and below them give attachmeot 
to several muscles. To the Buperior nuchal hoe are attached, medially the (rapeziui, and 
laterally the ocdpiUdit and glerno-eUido-mait(nd; the area between the superior and inferior 
curved lines receives the lemiapinalU eapitU (eompUxut) medially, and splenitis eapitU and 
oMioutu capitis superior laterally; the inferior nuchal line and the area below it aSord insertion 
to the rectus capitis posterior minor and major. 

The anterior or cerebral stuface is deeply concave and marked by two grooved 
ridges which cross one another and divide the surface into four fossfe of which 
the two upper, triangular in form, lodge the occipital lobes of the cerebrum, and 
the two lower, more quadrilateral in outline, the lobes of the cerebellum. The 
vertical ridge extends from the superior angle to the foramen magnum and the 
transverse ridge from one lateral angle to the other, the point of intereection being 
indicated by the internal occipi^ protuberance [eminentia cruciataj. The 

PiQ. 66. — Occipital Bone, Cerebral Surfacb. 
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upper part of the vertical ridge is grooved (sulcus sagittalis] for the superior 
sagittal (longitudinal) sinus and gives attachment, by its margins, to the fabc 
cerebri; the lower part is sharp and known as the Internal occipital ciest, and 
affords attachment to the falx cerebelli. Approaching the foramen maguum 
the ridge divides, and the two parts become lost upon its margin. The angle 
of divergence sometimes presents a shallow fossa for the extremity of the vermis 
of the cerebellum, and is called the vermiform fossa. The two parts of the 
transverse ridge are deeply grooved [sulcus transversus] for the transverse 
{lateral) sinuses, and the matins of the groove give attachment to the tentorium 
cerebelli. To one side of the internal occipital protuberance is a wide space, 
where the vertical groove ia continued into one of the lateral grooves {more 
frequently the right), and this is termed the torcular Herophili; it is sometimes 
exactly in the middle line. 

The squamous portion has three angles and four borders. The superior angle 
forming the summit of the bone is received into the space formed by the union of 
the two parietals. The lateral angles are very obtuse and correspond in situation 
with the lateral ends of the transverse ridges. Above the lateral angle on each 
side the margin is deeply serrated, forming the lambdoid or superior border 
which extends to the superior angle and articulates with the posterior border of 
the parietal in the lambdoid suture. The mastoid or inferior border extends 
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from the lateral angle to the jugular process and articulates with the mastoid 
portion of the temporal. 

The condylar or lateral portions [partes laterales) (ex-occipitals) form the 
lateral boundaries of the foramen magnum and bear the condyles on their in- 
ferior surfaces. The condyles are two convex oval processes of bone with smooth 
articular surfaces, covered with cartilage in the recent state, for the superior 
articular processes of the atlas. They converge in front, and are somewhat 
everted. Their margins give attachment to the capsular ligaments of the 
occipito-atlantal joints and on the medial side of each is a prominent tubercle 
for the alar (lateral odontoid) ligament. The anterior extremities of the condyles 
extend beyond the ex-occipitals on the basi-occipital portion of the bone. The 
hypoglossal (anterior condyloid) foramen or canal [canalis hypoglossi] perforates 
the bone at the base of the condyle, and is directed from the interior of the 
cranium, just above the foramen magnum, forward and laterally; it transmits 
the hypoglossal nerve and a twig of the ascending pharyngeal artery. 

The foramen is sometimea double, beJDK divided by a delicate epicule of bone. Above tbe 
canal is a emooth convexity known as the tuberculum jugulars sometimes marked by_ an oblique 
groove for the ninth, tenth and eleventh cranial nerve:<. Posterior to each condyle ia a pit, the 

Fig. 87. — Cerebral Surface oc thk Occipital, Shuwinu an Occasional Disposition of 



condTlar fossa, which receives the hinder edge of the superior articular process of the atlas when 
the head is extended. The floor of the depression is occasionally perforated by the condylar 
(posterior condyloid) canal or foramen [canalis condyloideus], which transmits a vein from the 
^ansverse ainus. Projecting laterally opposite the condyle is a quadriiateral portion of bone 
known as the juKuIai process, the extremity of which is rough for artieulation with the jugular 
facet on the petrous portion of the temporal bone. Up to twenty-five years the bones are united 
here by means of cartilage: about this age ossification of the cartilage takes place, and the jugular 
process thus becomes fused with the petrosal Its anterior border is deeply notched to form the 
posterior boundary of the jugular foramen, and the notch is directly continuous with a groove 
on the upper surface which lodges the termination of the transverse sinus. In or near the groove 
ia s«en the inner opening of the condylar foramen. The lower surface of the process gives 
attachment to the recttis cafntis lateralii and the oblique occipito-atlantal ligament. Occa- 
sionally the mastoid air cells extend into this process and rarely a process of bone, representing 
the paramoitoid process of many mammals, projects downward from its under aspect and may 
be so long as to join or articulate with the transverse process of the atlas. 

The basilar portion (basi-occipital) is a quadrilateral plate of bone projecting 
forward and upward in front of the foramen magnum. Its superior surface 
presents a deep groove — the basilar groove [clivus]; it supports the medulla 
oblongata and gives attachment to the tectorial membrane (occipi to-axial 
ligament). The lower surface presents in the middle line a small elevation 
known as the pharyngeal tubercle for the attachment of the fibrous rapb£ of tbe 
pharynx, and immediately in front of tbe tubercle there is frequently a shallow 
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fossa — the scaphoid fossa — which originally received the primitive anterior 
extremity of the foregut. 

On each aide of the middle line are impreBsiotui for the insertioiu of the tongut capUia (rectu* 
capUU anterior nu^or) and reelai capitis arxlerior (mmor), the impreaaion for the latter being 
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nearer to the condyle, and near the foramen magnum this iurface ^ves attachment to the 
anterior occipito-atWtal ligament. Anteriorly the baailar process articulates by synchondrosis 
with the body of the sphenoid up to twenty years of ase, after which there is complete bony 
union. Posteriorly it presents a smooUi rounded border forming the anterior boundary ot 
the foramen magnum. It ^vea attachment to the apical odontoid ligament, and above this 
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to the ascendinft portion of the crucial ligament. In the occipital bone at the sixth year the 
lateral extremities of this border are enlarged to form the basilar portion of the condyles. The 
lateral borders are roush below for articulation with the petroua portion of the temporal bones, 
but above, on either side of the basilar RTOove, is a half-groove^ which, with a ainular half groove 
on the petrous portion of the temporalbone. lodges the infenor petrosal sinus. 



66 THE SKELETON 

The foramen magnum is oval in shape, with its long axiB in a sagittal direc- 
tion. It transmits the medulla oblongata and its membranes, the acceesory 
nerves (spinal portions), the vertebral arteries, the anterior and posterior epinal 



Fio. 70. — The Occipital with a Separate Interpabietal. 




arteries, and the tectorial membrane (occipito-axial ligament). It is widest 
behind, where it transmits the medulla, and is narrower in front, where it is 
encroached upon by the condyles. 



Fio. 71. — Skull showing a Pre-intebpahietal Bone (PI). 




Occasionally b faret is present on the anterior marain, forming a third occipital condyle lot 
articulation with the dene. Between the condyleB and behind the margin of the foramen mag- 
num the posterior occipito-atlantal ligament obtains attachment. 

Blooo-BUpply.^The occipital bone receiveH its blood-supply from the occipital, posterior 
auricular, middle meningeal, vertebral and the ascending pharj'Qgeal arteries. 

ArtlculationB. — The occipital bone is connected b^ suture with the tn'o parietals, the two 
temporals, and the sphenoid; the condyles articulate with the atlas, and exceptionally the occip- 
ital articulates with the dens of the epistropheus by means of the third occipital condyle. 
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Ossification. — The occipital bone develops in four pieces. The squamous portion is ossi- 
fied from four centres, arranged in two pau^, which appear about the eighth week. The 
upper pair are deposited in membrane, and this part of the sc^uamous portion represents the 
interparietsd bone of many animals. The lower oair, deposited in cartilage, form the true 
supraroccipital element, and the four parts quickly coalesce near the situation of the future 
occipital protuberance. For many weeks two deep lateral fissures separate the interparietal 
and supraoccipital portions, and a membranous space extending from the centre of the squamous 
portion to the foramen magnum partially separates the lateral portions of the supra-occipital. 
This space is occupied later by a spicule of bone, and is of interest as being the opening through 
which the form of hernia of the brain and its meninges, known as occipital meningocele or en- 
cephalocele^ occurs. The basi-occipital and the two ex-occipitals are ossified each from a single 
nucleus which appears in cartilage from the eighth to the tenth week. 

At birth the bone consists of four parts united by strips of cartilage, and in the squamous 
portion fissures running in from the upper and lateral angles are still noticeable. The osseous 
union of the squamous and ex-occipital is completed in the fifth year, and that of the ex- 
occipitals with the basi-occipital before the seventh year. Up to the twentieth year the basi- 
occipital is united to the body of the sphenoid by an intervening piece of cartilage, but about 
that date ossific union begins and is completed in the course of two or three years. Occasionally 
the interparietal portion remains separate throughout Ufe (fig. 70), forming what has been 
termed the inca bone, or it may be represented by numerous detached ossicles or Wormian 
bones. In some cases a large Wormian bone, named the pre-interparietal, is found, partly 
replacing the interparietal bone (fig. 71). A pre-interparietal bone is found in some mammals^ 
and it has occasionally been observed in the human fcctal skull. In fig. 71 the bone is seen in 
an adult human skull — a distinctly rare condition. 

THE PARIETAL 

The two parietal bones (figs. 72, 73), interposed between the frontal before 
and the occipital behind, form a large portion of the roof and sides of the cranium. 
Each parietal bone [os parietale] is quadrilateral in form, convex externally, 
concave internally, and each presents for examination two surfaces, four borders, 
and four angles. 

The parietal surface is smooth and is crossed, just below the middle, by two 
curved lines known as the temporal lines. The superior line gives attachment 
to the temporal fascia; the lower, frequently the better marked, limits the origin 
of the temporal muscle; whilst the narrow part of the surface enclosed between 
them is smooth and more polished than the rest. Immediately above the ridges 
is the most convex part of the bone, termed the parietal eminence [tuber parietale], 
best marked in young bones, and indicating the point where ossification com- 
menced. Of the two divisions on the parietal surface marked oflf by the temporal 
lines, the upper is covered by the scalp, and the lower, somewhat striated, affords 
attachment to the temporal muscle. Close to the upper border and near to the 
occipital angle is a small opening — the parietal foramen — which transmits a vein 
to the superior sagittal {longitydinal) sinus. 

The cerebral surface is marked with depressions corresponding to the cerebral 
convolutions and by numerous deep furrows, running upward and backward 
from the sphenoidal angle and the lower border, for the middle meningeal vessels 
(sinus and artery). A shallow depression running close to the superior border 
forms, with the one of the opposite side, a channel for the superior sagittal sinus, 
at the side of which are small irregular pits for the Pacchionian bodies; the pits 
are usually present in adult skulls, but are best marked in those of old persons. 
The margins of the groove for the superior sagittal sinus give attachment to the 
falx cerebri. 

Borders. — The sagittal or superior border, the longest and thickest, is deeply 
serrated to articulate with the opposite parietal, with which it forms the sagittal 
suture. The frontal or anterior border articulates with the frontal to form the 
coronal suture. It is deeply serrated and bevelled, so that it is overlapped by the 
frontal above, but overlaps the edge of that bone below. The occipital or 
posterior border articulates with the occipital to form the lambdoid suture, and 
resembles the superior and anterior in being markedly serrated. The squamosal 
or inferior border is divided into three portions : — the anterior, thin and bevelled, 
is overlapped by the tip of the great wing of the sphenoid; the middle portion, 
arched and also bevelled, is overlapped by the squamous part of the temporal ; 
and the posterior portion, thick and serrated, articulates with the mastoid 
portion of the temporal bone. 

Angles. — The frontal or anterior superior, almost a right angle, occupies that 
part of the bone which at birth is membranous and forms part of the anterior 
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foDtanelle. The qihenoidal or antoioT inferior angle is thin and prolonged 
downward to artictdate with the tip of the great wing of the sphenoid. Its inner 
surface is marked by a deep groove, sometimes converted into a canal for a short 

Fio. 72. — The Left Parietal. (Outer auiface.) 
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diHtancit, for the miildli; moninf^oul vf^ssfLs (chiefly for the sinus). The occipital 
or posterior superior angle ih obtuw and occupies that part which during foetal 
life enters into formation of the posterior fontanelle. The mastoid or posterior 
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inferior angle b thick and articulates with the mastoid portion of the temporal 
bone. Its inner surface presents a shallow groove which lodges a part of the 
trajisverse (lateral) sinus. 

Blood-sttpplT-^The parietal bone receivea its blood-supply [rom the middle memDge&l, 
occipital, ana Bupra-orbit&l arteries. 

ArticulatioDB. — The )>arietal articulates with the occipit&l, frontal, sphenoid, temporal, 
ite fellow of the opposite aide, and the epipteric bone when present. Occasionally the temporal 
and epipteric bones exclude the parietal from articulation with the threat winft of the sphenoid. 

Ossification. — The parietal ossifieB from a single nucleus which appears m the outer layer 
of the membranous wall of the akull about the seventh week. The ossification radiates in 
such a way as to leave a cleft at the upper part of the bone in front of the occipital angle, the 




cleft of the two aide forming a loienge-shaped apace acrosa the sagittal suture known as the Mg- 
Ittal fontan^e. This is usually closed about the fifth month of intra-uterine life, but traces may 
Bomettmes be recognised at the time of birth, and the parietal foramina are- to be regarded as 
remains of the cleit. According to Dr. A. W. W. Lea, a well-developed sagittal fontanelle ia 
present in 4 . 4 per cent, of infants at birth. Id such cases it closes within the first two months 
of life, but at times it may remain open for at least eight months after birth and possibly longer. 
Rarely the parietal bone is composed of two pieces (fig. 74), one above the otner, and 
separated by an antero-poeterior suture (sub-Ba|attal suture), more or less parallel with the 
■^ttal suture. In such cases the parietal is ossified from two centres of ossincation. 

THE FRONTAL 

The frontal bone [os frontale] closes the cranium in front and is situated above 
the skeleton of the face. It consists of two portions — a frontal {vertical) portiOD 
Isquama frontalis], forming the convexity of the forehead, and an orbital {hori' 
zontal) portion, which enters into formation of the roof of each orbit. 

Frontal {vertical) portion. — The frontal surface is smooth and convex, and 
usually presents in the middle line above the root of the nose some traces of the 
suture which in young subjects traverses the bone from the upper to the lower 
part. This suture, known as the frontal or metopic suture, indicates the line of 
junction of the two lateral halves of which the bone consists at the time of birth; 
in the adult the suture is usually obliterated except at its lowest part. On each 
side is a rounded elevation, the frontal eminence [tuber frontale], very prominent 
in young bones, below which is a shallow groove, the sulcus transversus, separat- 
ing the frontal eminence from the superciliary arch. The latter forms an arched 
projection above the margin of the orbit and corresponds to an air-cavity within 
the bone known as tlie frontal sinus; it gives attachment to the orbicularis oculi 
and the corrugator muscles. The ridges of the two sides converge toward the 
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median line, but are separated by a smooth surface called the glabella (nasal 
eminence). Below the arch the bone presents a sharp curved margin, the supn- 
orbital border, forming the upper boundary of the circimiference of the orbit and 
separating the frontal from the orbital portion of the bone. At the junction of 
its medial and intermediate third is a notch, sometimes converted into a foramen, 
and known as the supra-orbital notch or foramen; it tranBmits the supra-orbital 
nerve, artery, and vein, and at the bottom of the notch is a small opening for 
a vein of the diploe which terminates in the supra-orbital. Sometimes, a second 
less marked notch is present, medial to the supra-orbital, and known as the 
frontal notch; it transmits one of the divisions of the supra-orbital nerve. The 
extremities of the supra-orbital border are directed downward and foms the 
medial and zygomatic (lateral angular) processes. The prominent zygomatic proc- 
ess articulates mth the zygomatic bone and receives superiorly two well-marked 
lines which converge somewhat aa they curve downward and forward across the 
bone. These are the superior and inferior temporal lines, continuous with the 
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temporal lines on the parietal bone, the upper giving attachment to the temporal 
fascia and the lower to the temporal muscle. Behind the lines is a slight con- 
cavity which forms part of the floor of the temporal fossa and gives origin to the 
temptyral muscle. The medial angular processes articulate with the lacrimjJs 
and form the lateral limits of the nasal notch, bounded in front by a rough, 
semilunar surface which articulates with tho upper ends of the nasal bones and 
the frontal (nasal) processes of the maxillEc. 

In the concavity of the notch lies the nasal portion of the frontal, which projects somewhat 
beneath the nasal bones and the nasal processes of the maxillic. It is divisible into three parts: 
— a median frontal (nasal) spine, which descends in the nasal septum between the crest of the 
nasal bones in front and the vertical plate of the ethmoid behind, and, on the posterior 
aspect of the process, two aim, one on either side of the median ridge from which the frontal 
(nasal) spine is continued. Each ala forms a small Rrooved surface which enters into the 
formation of the roof of the nasal fussii. 

The cerebral surface presents in the middle line a vertical groove — the sagittal 
Bulcus^which descends from the middle of the upper margin and lodges the 
superior sagittal (longitudinal) sinus. Below, the groove is succeeded by the 
frontal crest, which terminates near the lower margin at a small notch, converted 
into a foramen by articulation with the ethmoid. 
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The for&men ia called the loimmen uecum, and is generally closed below, but flometimeB 
transmits a vein from the nasal fossa to the superior Bagittal (longitudinal) sinus. The frontal 
creat serves for the attachment of the anterior part of the falx cerebri. On each side of the 
middle line the bone is deeply concave, presentina depressions for the cerebral convolutions 
and numerous small furrows which, running medially from the lateral margin, lodge branchesof 
the middle meningeal vesiels. At the upper part of the surface, on either side of the frontal 
sulcus, are some depressions for Pacchionian bodies. 

The horizontal portion coosista of two somewhat triangular plates of bone 
called the orbital plates, which, separated from one another by the etiimoidal 




notch [incisura ethmoidalis], form the greater part of the roof of each orbit. When 
the bones are articulated, the notch is filled up by the cribriform plate of the 
ethmoid, and the half-cells on the upper surface of the lateral mass of the ethmoid 
are completed by the depressions or half-cells which occupy the irregular margins 
of the notch. Traversing these edges transversely are two grooves which com- 
plete, with the ethmoid, the anterior and posterior ethmoidal canals. The 
anterior transmits the anterior ethmoidal nerve and vessels; the posterior trans- 
mits the posterior ethmoidal nerve and vessels, and both canals open on the 
medial wall of the orbit. Farther forward, on either side of the nasal spine, are 
the openings of the frontal sinuses, two irregular cavities which extend within 
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the bone for a variable distance and give rise to the superciliary arches (ridges). 
I^ach is lined by mucous membrane and communicates with the nasal fossa by 
means of a passage called the infundibulum. 

The inferior surface of each orbital plate, smooth and concave, presents im- 
mediately behind the lateral angular process the lacrimal fossa, for the lacrimal 
gland. Close to the medial angular process is a depression called the trochlear 
fossa [fovea trochlearis), which gives attachment to the cartilaginous pulley for 
the superior oblique muscle. The superior surface of each plate ia convex and 
strongly marked by eminences and depressions for the convolutions on the orbital 
surface of the cerebrum. 
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Borders. — The articular border of the frontal portion (parietal mci^) forme a little mm 
than a semicircle. It is thick, Btron(^y serrated, and bevelled so as to overlap the paiieUl 
above and to be overlapped by the edge of that bone below. The border is continued infeikrlj 
into a triangular rough surface on either side, which articuUtes with the great wing of the sphe- 
noid. The posterior border of the orbital portion is thin and articulated with the leeaer irin| 
of the sphenoid. 

Blood-Bupplj.— The blood-vessels for the supply of the vertical portion are derived 
from the frontal and supra-orbital arteries, which eater on the outer surface, and from the 
middle and amall meningeal, which enter on the cerebral surface. The boruontal portioa 
receives branches from the ethmoidal, and other branches of the ophthalmic, u well as from 
the meningeal. 

Aiticnlktions. — The frontal articulates with the parietal, sphenoid, ethmoid, lacrimal, 
■ygomatic (malar), maxilla, and nasal bones. Also, with the epipteric bones when present, 
ana occasionally with the squamous portioa of the temporal, and with the sphenoidaT caneha 
when it reaches the orbit. 



Laroe Frontal SiKtrsBS. 




Ogaification. — The frontal is ossified from two nuclei deposited in the outer layer of the 
membranous wall of the cranium, in the situations ultimately known as the frontal eminences. 
These nuclei appear about the eighth week, and ossilication spreads quickly through the mem- 
brane. At birth the bones are quite distinct, but subsequently they articiuatQ with each other 
in the median line to form the metopio suture. In the majority of cases the suture is oblitw 
ated by oseeous union, which commences about the second year, though in a few cases the 
bones remain distinct throughout life. 

After the two halves of the bone have united, osseous material is deposited at the lower 
end of the metopic suture to form the frontal spine, which is one of the distinguishing feature! 
of the human frontal bone. The spine appears about the twelfth year, and soon consolidates 
with the frontal bone above. Accessory nuclei arc sometimes seen between this bone and the 
lacrimal and may prrsist as Wormian ossicles. 

The frontal sinuaeB appear about thr seventh year as prolongations upward from the hiatua 
semilunaris and increase in siie up to old age. As they grow they extend in three directions, 
via., upward, laterally, and backward aloni; the orbital roof. A bony septum, usually com- 
plete, separates the sinuses of the two sides, and they are larger in the male than in the feinale. 
The superciliary arches are not altogether reliable guides as to the size of the ainusea, since 
examples are seen in which the arches are low and the sinuses large. In fig. 78 on example 
of unusually large sinuses is figured, illustrating the extension upward, laterally, and backward. 

THE SPHENOID 

The sphenoid [os sphenoidale) (figs. 79, 80, 81, 82) is situated in the base ot 
the skull and takt^s part in the formation of the floor of the anterior, middle, and 
posterior cranial fossa, of the temporal and nasal fossse, and of the cavity of the 
orbit. It is very irregular in shape and is described as consisting of a central 
part or body, two pairs of lateral expansions called the great and small wings, 
and a pair of processes which project downward, called the pterygoid processes. 

The body, irregularly cuboidal in shape, is hollowed out into two large cavities 
known as the sphenoidal sinuses, separated liy u thin sphenoidal septum and 
opening in front by two large apertures into the nasal fosste. The superior 8ur- 



THE SPHENOID 63 

face presents the following points for examination: In front is seen & prominent 
spine, the ethmoidal spine, which articulates with the hinder edge of the cribri- 
form plate of the ethmoid. The surface behind this is smooth and frequently 
presents two longitudinal grooves, one on either side of the median line, for the 
olfactory bulbs; it is limited posteriorly by a ridge, the limbus sphenoidalis, 
which forms the anterior border of the narrow transverse optic groove [sulcus 
chiasmatis], above and behind which lies the optic commissure. The groove 
terminates on each side in the optic foramen, which perioratee the root of the 
small wing and transmits the optic nerve and the ophthalmic artery. Behind the 
optic groove is the tuberculum sells, indicating the line of junction of the two 
parts of which the body is formed (pre- and post-sphenoid) ; and still further 
back, a deep depression, the hypophyseal fossa [sella turcica], which lodges the 
hypophysis cerebri. The floor of the fossa presents numerous foramina for 
blood-vessels, and at birth the superior orifice of a narrow passage called the 
basi-pharyngeal canal opens on the tuberculum. The posterior boundary of the 
fossa is formed by a quadrilateral plate of bone, the dorsum selUe (dorsum 



Fio. 79. — The Sphenoid, from Above. 
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ephippii) , the posterior surface of which is sloped in continuation with the basilar 
groove of the occipital bone. The superior angles of the plate are surmounted 
by the posterior cliiioid processes, which give attachment to the tentorium cere- 
belli and the interclinoid ligaments. Below the clinoid process, on each side of 
the dorsum sells (sometimes at the suture between the sphenoid and apux of 
petrosal), a notch is seen, converted into a foramen by the dura mater, for the 
passage of the sixth cranial nerve, and at the inferior angle the posterior petrosal 
process, which articulates with the apex of the petrous portion of the temporal 
bone, forming the inner boundary of the foramen lacerum. The dorsum sells 
is slightly concave posteriorly (the clivus) and supports the pons Varolii and the 
basilar artery. 

The inferior surface presents in the middle line a prominent ridge known as 
the roBtnmi, which is received into a deep depression between the alte of the 
vomer. On each side is the vaginal process of the medial pterygoid plate, 
directed horizontally and medially, which, with the alse of the vomer, covers the 
greater part of this surface. The remainder is rough and clothed by the mucous 
membrane of the roof of the pharynx. 

The anterior surface is divided into two lateral halves by the sphenoidal 
crest, a vertical ridge of bone continuous above with the ethmoidal spine, below 
with the rostrum, and articulating in front with the perpendicular plate of the 
ethmoid. The surface on each side presents a rough lateral margin for articula- 
tion with the lateral mass of the ethmoid and the orbital process of the palate 
bone. Elsewhere it is smooth, and enters into the formation of the roof of the 
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nasal fossfe, presenting superiorly the irregular apertures of the sphenoidal 



The body ia not hollowed until after the sixth year, but from that time the ainuaea iocreue 
in sise as age advances. Except for the apertures juat mentione<L they are oloaed below and 
in front by Uie two aphenoidal conchn (turbinate bones), origin&Uy distinct, but in the adnll 
UBually incorporated with the sphenoid. 

The posterior surface is united to the basilar process of the occipital, up to 
the twentieth year, by a disc of hyaline cartilage forming a synchondrosis, but 
afterward this becomes ossified and the two bones then form one piece. 



PoMeiiar cliaoid 




The lateral surface of the body gives attachment to the two wings, and its 
fore part is free where it forms the medial boundary of the superior orbital fissure and 
the posterior part of the medial wall of the orbit. Above the line of attachment 
of the great wing is a broad groove which lodges the internal carotid artery and 
the cavernous sinus, called the carotid groove. It is deepest where it curves behind 
the root of the process, and this part is bounded along its lateral margin by a 
slender ridge of bone named the Ungula, which projects backward in the angle 
between the body and the great wing. 



Fig. 81.— The Sphenoid. 




The small or orbital wings [als parvse] are two thin, triangular plates of bone 
extending nearly horizontally and laterally on a level with the front part of the 
upper surface of the body. P^ach arises medially by two processes or roots, the 
upper thin and flat, the lower thick and rounded. 

Near the junction of the lower root with the body is a small tubercle for the attachment of 
the common tendon of three ocular musciea— viz., the superior, medial, and upper head of 
lateral rediu — -and betweeu the two toolH ia the optic foramen. The lateral extremity, slender 
and pointed, approaches the ^reat win;;, but, as a rule, does not actually touch it. The supe- 
rior surface, smooth and slighlly conrave, forms the posterior part of the anterior fossa of the 
The inferior surface constitutes a portion of the root of each orbit and overhang 



THE SPHENOID 66 

the BuperiM orbital (or spheaoldal) flssnrv, the elongated opening between the small and great 
winp. The anterior border is serrated for articulation with the orbital plate of the frontal, 
and the poatenor border, smooth and rounded, is received into the Sylvian fissure of the cere- 
brum. Moreover, the posterior border forms the boundary between the anterior and middle 
cranial fossae and is prolonged at its medial extremity to form the anterior clinoid procesi, 
which gives attachment to the tentorium cerebelli and the interclinoid ligaments. Between 
the tubercutum selUe and the anterior clinoid process is a semicircular notch which represents 
the termination of the carotid groove. It is sometimes converted into a foramen, the carotico- 
dinoidforamen,by a spicule of Done which bridges across from the anterior clinoid to themiddle 
clinoid process; the latter ie a small tubercle frequently seen on each side, in front of the hypo- 
physeal fossa, and sliEhtly posterior to the tuberculum sells; the foramen transmits the internal 
carotid artery, and the spicule of bone which may complete the foramen is formed by ossi- 
fication of the carotico-clmoid ligament. 

The great or temporal wings [alse magme], arising from the lateral surface of 
the body, extend laterally and then upward and forward. The posterior part 
is placed horizontally and projects backward into the angle between the squamous 
and petrous portions of the temporal bone. From the under aspect of its pointed 
extremity the spine, which is grooved medially by the chorda tympani nerve 
(Lucaa), projecte downward. The spine serves for the attachment of the spheng- 
mandibular ligament and a few fibres of the tensor veli palalini. Each wing 
presents for examination four surfaces and four borders. 
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The cerebral or superior suiface is smooth and concave. It enters into the 
formation of the middle cranial fossa, supports the temporo-sphenoidal lobe of 
the cerebrum, and presents several foramina. At the anterior and medial 
part is the foramen rotundum for the second division of the fifth nerve, and 
behind and lateral to it, near the posterior margin of the great wing, is the large 
foramen ovale, transmitting the third division of the fifth, the small meningeal 
artery, and an emissary vein from the cavernous sinus. 

Behind and lateral to the foramen ovale is the smalt circular foramen Bpinosum, sometimes 
incomplete, for the passage of the middle meningeal vessels, and the recurrent branch of the 
third division of the fifth. Between the foramen ovale and theforamen rotundum is the incon- 
stant foramen Vesalii, which transmits a small emissary vein from the cavernous sinus; and on 
the plate of bone, behind and medial to the foramen ovale (spheno-petrosal lamina), a minute 
canu is occasionally seen — the canaliculus innominatns— through which the small superficial 
petrosal nerve escapes from the skull. When the canaliculus is absent, tha nerve passes through 
the foramen ovale. 

The anterior surface looks medially and forward and consists of two divisions — 
a quadrilateral or orbital surface, which forms the chief part of the lateral wall of 
the orbit, and a smaller, inferior or sph eno -maxillary surface, situated above the 

f'terygoid process and perforated by the foramen rotundum; this inferior part 
orms the posterior wall of the pterygo-palatine fossa. 

The lateral or squamo-zygomatic surface is divided by a prominent infra- 
temporal ridge into a superior portion, which forms part of the temporal fossa and 
affords attachment to the temporal muscle, aud an inferior part, which looks 
downward into the zygomatic fossa and gives attachment to the external pterygoid 
muscle; the inferior part joins the lateral surface of the lateral pterygoid plate, 
and presents the inferior orifices of the foramen ovale, foramen spinosum, and 
foramen of Vesalius. 
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Borders. — The posterior border extends from the body to the spine. By ita l&ter&L third it 
articulates with the petrous portion of the temporal bone, whilst the medial two-thirds form the 
anterior boundary of the foramen lacerum. The squamosal border is serrated behind and 
bevelled in front for articulation with the squamous portion of the temporal bone, whilst \ta 
upper extremity, or summit, is bevelled on its inner aspect, for the anterior inferior anele of the 
parietal. Immediately in front of the upper extremity is a rough, triangular, sutural area (or 
the frontal, the sides of which are formed by the upper maritins of the superior, anterior, and 
lateral surfaces respeclifely. The lygomatic or anterior border separates the orbital and tem- 
poral surfaces and articulates with the zyfcomatic, and by its lower angle, in man^y skulls, also 
with the maxilla. Below the anterior border is a short horizontal ridge, non-articular, which 
separates the spheno- maxillary and lygomatic surfaces. Above and medially, where the orbital 
and cerebral surfaces meet, i.s the sharp medial border, which forms the lower boundary of the 
superior orbital fissure, serving for the passage of the third, fourth, three branches of the fint 
division of the fifth, and the sixth cranial nerves, the orbital branch of the middle meniageil 
artery, a recurrent branch from the lacrimal artery, some twigs from the cavernous plexus of 
the sympathetic, and one or two ophthalmic veins. Near the middle of the border ia a small 
tubercle tor the origin of the lower head of the laUral rectus muscle. 

The pterygoid processes project downward from the junction of the body and 
the great wings. Each consists of two plates, one shorter and broader, the lateral 
pterygoid plate [lamina lateralis], the other longer and narrower, the medial 
pterygoid plate [lamina raedialis]. They are united in front, but diverge behind 
so as to enclose between them the pterygoid fossa in which lie the inlemal pterygoid 
and tensor pataii muscles. The lateral pterygoid plate is turned a little laterally 
and by its lateral surface, which looks into the zygomatic fossa, affords attach- 
ment to the external pterygoid muscle, whilst from its medial surface the internal 
pterygoid takes origin. 

The posterior border of the lateral pterygoid plate frequently presents one or more bony 
projections, which represent ossified parts of the pterygo-spinous ligaments, and occasionally 
one may extend across to the spine and complete the bony boundary of the pterygo- 
spinoua foramen. The medial pterygoid plate is prolonged below into a slender, hook-lilie or 
hamular process, smooth on the under aspect for the tendon of the tensor palati, which plays 
round it. >^uperiarly, the medial plate extends medially on the under surface of the body, 
forming the vaginal process, which articulates with the ala of the vomer and the sphenoidal 
process of the palate. The vaginal process presents, on the under surface, a amsill groove 
which, with the sphenoidal process of the palate, forms the pharyngeal canal for the tran^- 
mission of branches of the spheno-palatine vessels and ganglion. The medial surface of 
the medial pterygoid plate forms part of the lateral boundary of the nasal fossa, and the 
lateral surface, the medial boundary of the pterygoid fossa. The posterior border presents 
superiorly a well-marked prominence, the pterygoid tubercle, above and to the lateral side 
of which is the posterior orifice of the pterygoid canal. The latter pierces the bone in the 
sagittal direction at the root of the medial pterygoid plate and transmits the Vidian vessels 
and nerve. Some distance below the tubercle is a projection, called the processus tubaiint, 
which supports the cartilage of the tuba auditiva (Eustachian tube). From the lower third 
of the posterior border and from the hamular process, the superuir constridtyr of the pharynx 
takes origin, and from the depression known as the scaphoid fossa, situated in the upparparl 
of the recess between the two pterygoid plates, the Iciisor pidati arises. 



Fio. 83.— The Sphenoid at Bibth. 




In front, the two plates are joined above, but diverge below, leaving a gap — 
the pterygoid notch — occupied, in the articulated skull, by the pyramidal process 
of the palate. Superiorly, they form a triangular surface which looks into the 
pterygo-palatine fossa and presents the anterior orifice of the pterygoid canal. 
The anterior border of the medial pterygoid plate articulates with the posterior 
border of the vertical plate of the palate. 

Blood-supply.— The sphenoid is supplied by branches of the middle and small meningeal 
arteries, the deep temporal and other branches of the internal maxillary artery — via., the 
Vidian and spheno-palatine. The body of the bono also receives twiesfrom the iat^oal carotid. 

Articulations. — The sphenoid articulates with all the bones of the cranium — vis., occipital, 



THE SPHENOIDAL CONCHA 67 

pariet&l, froat&l, ethmoid, temporal, aad aphenoidal conchs. Also with the palate, vomer, 
s>'gomatic, epipteric bone when preseo^ aaa occaaionally with the m&xillB. 

Ouiflcttioi).— The Bphenoid ib divided, up to the seventh or eighth month of intra-uterina 
life, into an anterior or pre-aphenoid portion, mcluding the port of the body in front of the tub- 
erculum Belie and the small win^, and a post-sphenoid portion, the part behind the tuberculum 
sells including the hypophyseal foaaa and the great winga. The two portiona of the body join 
together before birth, but in many animals the division is persistent throughout life. 

The pre-aphenoirt portion ossifies in cartilage from four centres, one of which gives rise to 
each lesser wing (orbitO' sphenoid) and a pair to the body of the pre-sphenoid. 

In the formation of the post-sphenoidal portion both cartilage and membrane bone partici- 
pate, the pterygoid plates being formed in membrane, while the rest of the portion, together 
with th« Hamular process, oasifies from cartilage. (Fawcett.) At about the eighth week a 

Fio- 84. — The Jdoum Sphenoidale. 




o«ntre appears at the base of each greater wing (ali -sphenoid), and at about the same time a 
pair of centrea appear in the body (basi -sphenoid) and later one in each lingula (sphenotic). 
The medial pterygoid plates are pre-formed in cartilage, in which a centre appears for the 
hamular process, but the rest of tne plate is formed from membrane bone whicn invests the 
cartilage. The lateral plate is formed in membrane and a considerable part of the greater 
wing is also membranous in origin (see epipteric bone). 

At birth the bone consists of three pieces. The median piece includes tbebosi-sphenoid 
and lingulie, conjoined with (he pre-sphenoid, carrying the orbito-sphenoids. 

The two lateral pieces are the ali -sphenoids, carrying the medial pterygoid plates. The 
dorsum sellie ia cartUaginous. A canal, known as the basi -pharyngeal canal, extends into the 
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bodv from the sella turcica and sometimes reaches its under surface. It contains a process 
of dura mater, and represents the remains of the canal in the base of the cranium, through 
which the diverticulum of Rathke extended upward to form part of the hypophysis. 

The great wings are joined to the lingulie by cartilage, but in the course of the first year 
bony union takes place. About the same time tne orblto-spheooids meet and fuse in the mid- 
dle line to form the jugum sphenoidale, which thus excludes the anterior part of the pre-sphenoid 
from the cranial cavity. For some years the body of the pre-sphenoid is broad and rounded 
inferiorly (fig. 85). The posterior clinoid processes chondrify separately, a fact which throws 
some li^t on the occasional absence of these processes. 

THE SPHENOIDAL CONCHA 

The sphenoidal concha (or turbinate bones; bones of Bertin) (figs. 86, 87) may be obtained 
as distinct ossicles about the fifth year, and resemble in shape two hollow cones flattened in 
three planes. At this date each is weaged in between the under surface of the pre-aphenoid 
and the orbital and sphenoidal processes of the palate bone, with the apex of the cone directed 
backward as far as the v^inal process of the medial pterygoid plate. Of its three surfaces, 
the lateral b in relation with the ptery go-palatine fossa, and ocpasionally extends upward be- 
tireen the sphenoid and the lamina papyracea of the ethmoid, to appear on the medial wall of 
the orbit (fig. 105). The inferior surface forms the upper boundary of the spheno-palatine 
foramen ana enters into formation of the posterior part of the roof of the nasal fossa. The 
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fluperior surface lies flattened uainst the under suriace of the pre-sphenoid, whilst the base of 
the cone is in contact with the lateral mass of the ethmoid. 

The deposits of earthy matter from which the sphenoidal conclue are formed appear at thf 
fifth mouth. At birth each forms a small triangular lamina in the perichondrium of the ethmo- 
vomerine plate near its junction with the preaphenoid, and partiaJly encloses a small reoeaB fron 
the mucous membrane of the nose, which becomes the sphenoidal sinus. By the third year the 
bone has surrounded the ainus, forming an osseous capsule, conical in shape, the circulu orifice 
which represents the base becoming the anfaenoidal foramen. As the cavity enlarns the 
medial wall is absorbed, and the medial wall of the sinus is then formed by the preaphenoid. 

Fig. 86.— The SpHSNOinAL Concha at the Sixth Year. 



The bones are subsequently ankyloaed in many skulls with the ethmoid, whence they are oltes 
regarded as parts of that bone. More frequently they fuse with the pre-sphenoid. and leta 
freauently with the palate bones. After the twelfth year they can rarely be separated from tbe 
Bkiill without damage. In many disarticulated skulls they are so broken up that a portion is 
found on the sphenoid, fragments oa the palate bones, and tbe remainder attached to ths 
ethmoid. Sometimes, even in old skulls, they are represented by a very thin triangular plats 
on each side of the rostrum of the sphenoid (fig. 87). 



Fig. 87.— The Sphenoidal Concha from an Olo Skull. 




THE EPIPTERIC AND WORMIAN BONES 

The epipterics are scale-like bones which occupy the antero-lateral fontanellee- 
Each epipteric bone is wedged between the squamo-zygomatic portion of the 
temporal, frontal, great wing of sphenoid, and the parietal, and is present in most 
skulls between the second and fifteenth year. After that date it may persist as a 
separate ossicle, or unite with the sphenoid, the frontal, or the squamo-zygomatic. 
The epipteric bone is pre-formed in membrane, and appears as a series of bony 
granules in the course of the first year. 

The Wormian or sutural bones [ossa suturarum] are small, irregularly shaped 
ossicles, often found in the sutures of the cranium, especially those in relation with 
the parietal bones. They sometimes occur in great numbers; as many as a 
hundred have been counted in one skull. They are rarely present in the sutures 
of the face. 

THE TEMPORAL BONE 

The temporal bone |os temporale], situated at the side and tbe base of tbe 
cranium, contains the organ of hearing and articulates with the lower jaw. It is 
usually divided into three parts — viz., the squamous portion, forming the anterior 
and superior part of the bone, thin and expanded and prolonged externally into 
the zygomatic process; the mastoid portion, the thick conical posterior part, 
behind the external aperture of the car; and a pyramidal projection named the 
petrous portion, situated in a plane below and to the medial side of the two parts 
already mentioned, and forming part of the base of the skuU. 

When it is considered in reference to its mode of development, the temporal bone is found 
to be built up of three parts (figs. 88, 89, 90), which, however, do not altoRcther correspond to 
the arbitrary divisions of the adult bone. The three parts are named aquamoMl, petrotal. 



THE TEMPORAL BONE 60 

a the early atages of growth greatljr 

The mora important division of the temporal bone is the petrous portion. It 
IB pyramidal in shape, and contains the essential part of the oi^an of bearing, 



Fia. 88. — The Teuporal Bone at Birth. 



Teuporal Bone at Birth. 




Fio. 91. — Right Teuporal Bone at about Sm Yeahs. 
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around which it is developed as a cartilaginous capsule. This is known as the 
periotic capsule or petrosal element, and its base abuts on the outer aspect of the 
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cranium, where it forms a large part of the so-called mastoid portion of the 
temporal bone. Besides containii^ the internal ear, it bears on its cranial side & 
foramen for the seventh and eighth cranial nerves (internal auditory meatus), 
and on its outer side two openings — the fenestra veatibuH and fenestra cochlea 
(6g. 91). The squamosal is a superadded element and is formed as a membrane 
bone in the lateral wall of the cranium. It is especially developed in man in 
consequence of the large size of the brain, and forms the squamous division of the 
adult bone, and by a triangular shaped process which is prolonged behind the 
aperture of the ear it also contributes to the formation of the mastoid portion. 
It is obvious, therefore, that the mastoid is not an independent element, but 
belongs in part to the petrous, and in part to the squamous. The tyn^tank 
portion, also superadded, is a ring of bone developed in connection with the 
external auditory meatus, and eventually forms a plate constituting part of the 
bony wall of this passage. These three parts are easily separable at birth, but 
eventually become firmly united to form a single bone which affords little trace 
of its complex origin. Lastly a process of bone, developed in the second visceral 
arch, coalesces with the under surface of the temporal bone and forms the s^^oid 
process. 



Pio, 92 — The Lbit Temporal Bone (Outer 




The squamous portion [squama temporalis] is flat, scale-like, thin, and trans- 
lucent. It is attached almcst at right angles to the petrous portion, forms part 
of the side wall of the skull and is limited above by an uneven border which 
describes about two-thirds of a circle. The outer surface is smooth, slightly 
convex near the middle, and forms part of the temporal fossa. Above the 
external auditory meatus it presents a nearly vertical groove for the middle 
temporal artery. Connected with its lower part is a narrow projecting bar of 
bone known as the zygomatic process. At its base the process is broad, directed 
laterally, and flattened from above downward. It soon, however, becomes 
twisted on itself and runs forward, almost parallel with the squamous portion. 
This part is much narrower and compressed laterally so as to present medial 
and lateral surfaces with upper and lower margins. The lateral surface is sub- 
cutaneous; the medial looks toward the temporal fossa and gives origin to the 
masseter mu.scle. The lower border is concave and rough for fibres of the same 
muscle, whilst the upper border, thin and prolonged further forward than the 
lower, receives the temporal fascia. The extremity of the process is serrated for 
articulation with the zygomatic bone. At its base the zygomatic process presents 
three roots — anterior, middle, and posterior. 
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The anteriori continuous with the lower border, U short, broad, convex, and directed 
medially to terminate in the utieulai tubercle, which is covered with cartilage in the recent 
(tate. for articuktion with the condyle of the lower jaw. The middle root^ sometimes very 
prominent, forma the post-glenoid process. It separates the articular portion of the man- 
dibular foaaa from the external auditory meatus and is situated immediately in front of the 
petro -tympanic (Glaserian) fissure. The posterior root, prolonged from the upper border, ia 
strongly marked and extends backward as a ridge above the external auditory meatus. It is 
called the temporal ridge (supra-mastoid creat), and marks the arbitrary line of division be- 
tween the squamous and mastoid portions of the adult bone. It forms part of the posterior 
boundary of the temporal fossa, from which, as well as from the ridge, fibres of the lemporid 
muscle arise. Where the anterior root joins the zygomatic process is a slight tubercle — the 
preslenoid tubercle — for the attachment of the temporo-mandibular ligament, and between the 
anterior and middle roots is a deep oval depression, forming the ^art of the mandibular fossa 
for the condyle of the lower jaw. The mandibular fossa is a considerable hollow, bounded in 
front by the articular tubercle and behind by the tympanic plate which separates it from the 
external auditory meatus. It is divided into two parts by a narrow slit — the petro-tympanic 
(OlaaerUn) fissure. The anterior part [facies articularisi, which belongs to the squamous 
portion, is articular, and, like the articular tubercle, is coated with cartilage. The posterior 
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fart, formed by the tympanic plate, is non-articular and lodges a lobe of the parotid gland, 
mmediately in front of the articulu tubercle is a smaU triangular surface which enters into 
the formation of the roof of the zygomatic fossa. 

The inner or errebral turface of the squamous portion is marked by furrows for the con- 
volutions of the brain and grooves for the middle meningeal vessels. At the upper part of the 
surface the inner table is deficient and the outer table is prolonged some distance upward. 



T side for articulation with the posterior border of the great wing of the sphenoid. Pos- 
teriorly it joins the rough serrated margin of the mastoid portion to form the parietal notch. 
The line separating the squamous from the petrous portion is indicated at the lower part of 
the inner surface ^ a narrow cleft, the internal petro -squamooa suture, the appearance of 
which varies in different bones according to the degree of persistence of the original line of 
division. 

The mastoid portion [pars mastoidesj is rough and convex. It is bounded 
above by the temporal ridge and the parieto-mastoid suture; in front, by the 
external auditory meatus and the tympono-mastoid fissure; and behind, by the 
suture between the mastoid and occipital. As already pointed out, it is formed 
by the squamous portion in front and by the base of the petrosal behind, the 
line of junction of the two component parts being indicated on the outer surface 
by the external petro-squamous suture (squamo-mastoid) . The appearance of 
the suture varies, being in some bones scarcely distinguishable, in otbers, a series 
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of irregular depressions, whilst occasionally it is present as a well-marked fissure 
(fig. 92) directed obliquely downward and forward. The mastoid portion is 
prolonged downward behind the external acoustic meatus into a nipple-shaped 
projection, the mastoid process, the tip of which points forward as well as down- 
ward. The process is marked, on its medial surface, by a deep groove, the 
mastoid notch (digastric fossa), for the origin of the digastric muscle, and 
again medially by the occipital groove for the occipital artery. 

The outer surface is perforated by numerous foramina, one, of large size, being usiudly 
situated near the posterior border and called the mastoid foramen. It transmits a vein to the 
transverse (lateral) sinus and the mastoid branch of the occipital artery. The mastoid portion 
gives attachment externally to the auricvlaria posterior (retrahens aurem) and occipitalis, and, 
along with the mastoid process, to the stemo-maatoidf sTpleniiLS capitis, and longissimtis capitis 
(tracnelo-mcLstoid), Projecting from the postero-superior margin ol the external auditory 
meatus there is frequently a small tubercle — the supra-meatal spme — behind which the surface 
is depressed to form the mastoid (supra -meatal) fossa. 

The inner surface of the mastoid portion presents a deep curved sigmoid 
groove, in which is lodged a part of the transverse sinus; the mastoid foramen is 
seen opening into the groove. The interior of the mastoid portion, in the adult, 
is usually occupied by cavities lined by mucous membrane and known as the 
mastoid air-cells (fig. 97). These open into a small chamber — the mastoid 
antrum — which communicates with the upper part of the tympanic cavity. The 
mastoid cells are arranged in three groups: (1) antero-superior, (2) middle, and 
(3) apical. The [apical cells, situated at the apex of the mastoid process, are 
small and usually contain marrow. 

Borders. — The superior border is broad and rough for articulation with the hinder part of 
the inferior border of the parietal bone. The posterior border, very uneven and serrated, 
articulates with the inferior border of the occipital bone, extending from the lateral angle to 
the jugular process. 

The petrous portion [pars petrosa; pyramis] is a pyramid of very dense bone 
presenting for examination a base, an apex, three (or four) surfaces, and three (or 
four) borders or angles. Two sides of the pyramid look into the cranial cavity, 
the posterior into the posterior cranial fossa, and the anterior into the middle 
cranial fossa. The inferior surface appears on the under surface of the cranium. 
The medial and posterior walls of the tympanic cavity in the temporal bone 
are sometimes described as a fourth side of the pyramid. The base forms a part 
of the lateral surface of the cranium; the apex is placed medially. 

The posterior surface of the pyramid is triangular in form, bounded above by 
the superior angle and below by the posterior angle Near the middle is an 
obliquely directed foramen [porus acusticus internus] leading into a short canal — 
the internal auditory meatus — at the bottom of which is a plate of bone, pierced 
by numerous foramina, and known as the lamina cribrosa. The canal transmits 
the facial and auditory nerves, the pars intermedia, and the internal auditory 
artery. The bottom of the internal auditory meatus can be most advantageously 
studied in a temporal bone at about the time of birth, when the canal is shallow 
and the openings relatively wide. 

The fundus of the meatus is divided by a transverse ridge of bone, the transverse creslf into a 
superior and inferior fossa. Of these, the superior is the smaller, and presents anteriorly the 
beginning of the facial canal (aqueduct of Fallopius), which transmits the seventh nerve. The 
rest of the surface above the crest is dotted with small foramina (the superior vestibular area) 
which transmit nerve-twigs to the recessus cUipticus (fovea hcmielliptica) and the ampulla 
of the superior and lateral semicircular canals (vestibular division of the auditory nerve). 
Below the crest there are two depressions and an opening. Of these, an anterior curled tract 
(the spiral cribriform tract) with a central foramen (foramen centrale cochleare) marks the 
base of the cochlea; the central foramen indicates the orifice of the canal of the modiolus, 
and the smaller foramina transmit the cochlear twigs of the auditory nerve. The posterior 
opening (foramen singulare) is for the nerve to the ampulla of the posterior semicircular 
canal. The middle depression (inferior vestibular area) is dotted with minute foramina for 
the nerve-twigs to the saccule, which is lodged in the recessus spho^ricus (fovea hemisphseri- 
ca). The inferior fossa is subdivided by a low vertical crest. The fossa in front of the crest 
is the fossula cochleariSy and the recess behind it is the fossula vestibularis. 

Behind and lateral to the meatus is a narrow fissure, the aquseductus vestibuli, covered by 
a scale of bone. In the fissure lies the ductus endolymphaticus, a small arteriole and venule, 
and a orocess of connective tissue which unites the dura mater to the sheath of the internal 
ear. Occasionally a bristle can be passed through it into the vestibule. Near the upper 
margin, and opposite a point about midway between the meatus and the aqueduct of the veeti- 
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bule, is an itreguUr opening, the fossa subarcuata. the remiins of the floccular fossa, a con- 
apicuous depression in the fcetal bone. In the adult the depression usually lodges a process of 
4iura mater and transmits a small vein, though in some booea it U almost obliterated. 

The anterior suiface of the pyramid, sloping downward and forward, forms 
the back part of the floor of the middle fossa of the cranium. 

Upon the anterior surface of the pyramid will be found the follawine pointa of interest, 
procMdiog from the apex toward the base of the pyramid: — (1) a BhallOw trigeminal im- 
pression for ttke semilunar (Gasserian) eanglioo of the trigeminal nerve; (2) two email grooves 
running backward and laterally toward two small foramina overhung by a thin osseous lip, the 
larcer and medial of which, known as the hiatus canslis facialis, transmits the great superfi- 
cial petrosal nerve and the petrosal branch of the middle meaineeal artery, whilst the smaller 
and lateral foramen is for tne small superficial petrosal nerve: (3) behind and lateral to these 
ia an eminence — the emlnentia arcuata— best seen in young bones, corresponding to the su- 
perior semicircular canal in the interior; (4) atill more laterally is a thin transulcent plate of 
bone, roofing in the tympanic cavity, and named the tegmen tympani. 

Fia. 04. — Tbb Forahika in thb Funous oy the hsrr Internal Auditory Meatus of a 
Child at Birth (J). (Di^rammatic.) 
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The inferior or basilar suiface of the pyramid is very irregular. At the apex 
it ia rough, quadrilateral, and gives attachment to the tensor tympani, levator 
veil palatini, and the pharyngeal aponeurosis. Behind this are seen the large 
circular orifice of the carotid canal for the transmission of the carotid artery and 
a plexus of sympathetic nerves, and on the same level, near the posterior border, 
a small three-sided depression, the canaliculus cochleae, which transmits a small 
vein from the cochlea to the internal jugular. Behind these two openings is the 
large elliptical jugular fossa which forms the anterior and lateral part of the 
bony wall of the jugular foramen, in which is contained a dilatation on the 
commencement of the internal jugular vein; on the lateral wall of the jugular 
fossa is a minute foramen, the mastoid canaliculus, for the entrance of the 
auricular branch of the vagus (Arnold's nerve) into the interior of the bone. 
Between the inferior aperture of the carotid canal and the jugular fossa is the 
sharp carotid ridge, on which is a small depression, the fossula petrosa, and at the 
bottom of this a minute opening, the t^panic canaliculus, for the tympanic 
branch of the glosso-pharyngeal or Jacobson's nerve, and the small tympanic 
branch from the ascending pharyngeal artery. Behind the fossa is the rough 
jugular Buriace for articulation with the jugular process of the occipital bone, on 
the lateral side of which is the prominent cylindrical spur known as the styloid 
process with the stylo-mastoid foramen at its base. The facial nerve, and 
sometimes the auricular branch of the vagus, leave the skull, and the stylo-mas- 
toid artery enters it by this foramen. Running backward from the foramen are 
the mastoid and occipital grooves already described. 

The tympanic siuface of the pyramid, forming the medial and posterior 
walls [paries labjTinthica] of the tympanic cavity, is shown by removing the 
tympanic plate (fig. 91). It presents near the base an excavation, known as the 
tympanic or mastoid antrum, covered by the triangular part of the squamous 
below and behind the temporal line. The opening of the antrum into the 
tympanic cavity is situated immediately above the fenestra vestibuli, an oval- 
shaped opening which receives the base of the stapes; below the fenestra vestibuli 
is a convex projection or promontory, marked by grooves for the tympanic plexus 
of nerves and containing the commencement of the first turn of the cochlea. 
In the lower and posterior part of the promontory is the fenestra cochlefe, closed 
in the recent state by the secondary membrane of the tympanum. Running 
downward and forward from the front of the fenestra vestibuli is a thin curved 
plate of bone [septum canalis musculotubarii), separating two grooves converted 
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into canals by the overlying tympanic plate. The lower is the groove for the 
Eustachian tube [semicanalis tubse auditivte], the communicating passage between 
the tympanum and the pharynx; the upper is the semicanalis m-tensoristympani, 
and the lateral apertures of both canals are visible in the retiring angle, between 
the petrous and squamous portions of the bone. 

The apex of the pyramid is truncated and presents the medial opening of the 
carotid canal. The latter commences on the inferior surface, and, after ascending 
for a short distance, turns forward and medially, tunnelling the bone as far as 
the apex, and finally opens into the upper part of the foramen lacenim formed 
between the temporal and sphenoid bones. One or two minute openings in the 
wall of the carotid canal, known as the carotico-^mpanic canaliculi, transmit 
communicating twigs between the carotid and tympanic plexuses. The upper 
part of the apex is joined by cartilage to the posterior petrosal process of the 
sphenoid. 

The base is the part of the pyramid which appears laterally at the side of 
the cranium and takes part in the formation of the mastoid portion. It ia 
described with that division of the bone. 



Fio. 95. — The Left Temporal Bone. (Inferior view.) 
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Angles. — ^The superior angle (border) of the pyramid is the longest and separates the poa- 
terior From the anterior surface. It ia grooved for the superior petrosal sinus, gives attachment 
to the tentorium cerebelli, and presents near the apex a semilunar notch upon which the fifth 
cranial nerve lies. Near ite medial end there is often a small projection tor the attachment 
of the petro-sphenaidal ligament, which arches over the inferior petrosal sinus and the sixth 
nerve. The posterior ande separates the posterior from the inferior surface, and when ai- 
ticiilated with the occipital, forms the ftroove for the inferior petrosal sinus, and completes the 
jugular foramen formed by the temporal in front and on the lateral side, and by the occipital 
behinil and on the medial aide. The jugular foramen ia divisible into three compartments: an 
anterior for the inferior petrosal sinus, a middle for the glossopharyngeal, vagus and accesaory 
cranial nerves, and a posterior for the internal jugular vein and some meningeal branches 
from the occipital ana ascending pharyngeal arteries. The anterior angle is the shortest 
and consist.4 of two parts, one joined to the squamous in the pelro-squamoua suture and a 
small free part internally which articulates with thesphenoid. A fourth or inferior border may 
be distinguished, which run.<i nlongthelincof junction with the tympanic plate and iacontinuoa 
on to the rough area below the apex. 
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The t3rmpanic portion [pars tympanica] is quadrilateral in form, hollowed out 
above and behind, and nearly flat, or somewhat concave, in front and below. It 
forms the whole of the anterior and inferior walls, and part of the posterior wall, 
of the external auditory meatus, and is separated behind from the mastoid 
process by the tympano-mastoid (auricular) fissure through which the auricular 
branch of the vagus in some cases leaves the bone. 

In front it is separated by the petro-tympanic fissure from the squamous portion. Through 
the petro-tympanic fissure the tympanic branch of the internal maxillary artery and the so- 
called laxator tympani pass. The processus gracilis of the malleus is lodged within it, and a 
narrow subdivision at its inner end, known as the canal of Huguier, transmits the chorda 
tympani nerve. The tympanic part presents for examination two surfaces and four borders. 

The antero-inferior stuiace, directed downward and forward, lodges part of the parotid 

?;land. Near the middle it is usually very thin, and sometimes presenta a small foramen (the 
oramen of Huschke), which represents a non-ossified portion of the plate. The postero- 
superior surface looks into the external auditory meatus and tympanic cavity, and at its medial 
end is a narrow groove, the sulcus tympanicus, deficient above, which receives the membrana 
tympani. 

The lateral border is rough and everted, forming the external auditory process for the 
attachment of the cartilage of the pinna: the superior border enters into the formation of the 
petro-tympanic fissure; the inferior border is uneven and prolonged into the vaghial process 
[vaeina processus styloidei] which surrounds the lateral aspect of the base of the styloid process 
and gives attachment to the front part of the fascial sheath of the carotid vessels; the medial 
border, short and irregular, lies immediately below and to the lateral side of the opening of the 
Eustachian tube, and becomes continuous with the rough quadrilateral area on the inferior 
aspect of the apex. 

The external auditory meatus is formed partly by the tympanic and partly 
by the squamous portion. It is an elliptical bony tube leading into the tym- 
panum, the extrance of which is bounded throughout the greater part of its 
circmnference by the external auditory process of the tympanic plate. Above, 
the entrance is limited by the temporal ridge or posterior root of the zygomatic 
process. 

The styloid process is a slender, cylindrical spur of bone fused with the 
inferior aspect of the temporal immediately in front of the stylo-mastoid foramen. 
It consists of two parts, basal (tympano-hyal), which in the adult lies under cover 
of the tympanic plate, and a projecting portion (stylo-hyal), which varies in length 
from five to fifty millimetres. When short, it is hidden by the vaginal process, 
but, on the other hand, it may reach to the hyoid bone. The projecting portion 
gives attachment to three muscles and two ligaments. 

The stylo-pharyngeua arises near the base from the medial and slightly from the posterior 
aspect; the stylo-hyoid from the posterior and lateral aspect near the middle; and the stylo- 
glossus from the front near the tip. The tip is continuous with the stylo-hyoid ligament, which 
runs down to the lesser cornu of the hyoid bone. A band of fibrous tissue — the st3rlo-mandibular 
ligament — passes from the process below the origin of the stylo-glossus to the angle of the lower 
jaw. 

Blood-supply. — The arteries supplying the temporal bone are derived from various sources. 
The chief are: — 

Stylo-mastoid from posterior auricular: it enters the stylo-mastoid foramen. 

Anterior tympanic from internal maxillary: it passes through the petro-tympanic fissure. 

Superficiaf petrosal from middle meningeeJ: transmitted by the hiatus canalis facialis. 

Carotico-tympanic from mternal carotid whilst in the carotid canal. 

Internal auditory from the basilar: it enters the internal auditory meatus, and is distributed 
to the cochlea and vestibule. 

Other less important twigs are furnished by the middle meningeal, the meningeal branches 
of the occipital, and by the ascending pharyngeal artery. The squamous portion is supplied, 
on its internal surface, by the middle meningeal, and externally by the branches of the deep 
temporal from the internal maxillary. 

Articulations. — The temporal bone articulates with the occipital, parietal, sphenoid, 
zygomatic, and, by a movable joint, with the mandible. Occasionally the squamous portion 
presents a process which articulates with the frontal. A fr onto -squamosal suture is common 
m the skulls of the lower races of men, and is normal in the skulls of the chimpanzee, gorilla, 
and gibbon. 

Ossification. — Of the three parts which constitute the temporal bone at birth, the saua- 
mosal and tympanic develop in membrane and the petrosal in cartilage. The squamosal is 
formed from one centre, which appears as early as the eighth week, and ossification extends 
into the zygomatic process, which grows concurrently with the squamosal. At first the tym- 
panic border is nearly straight, but soon assumes its characteristic horseshoe shape. At birth 
the post-glenoid tubercle is conspicuous, and at the hinder end of the squamosal there is a pro- 
cess which comes into relation with the mastoid antrum The centre for the tympanic ele- 
ment appears about the twelfth week. At birth it forms an incomplete ring, open above, and 
slightly ankylosed to the lower border of the squamosal. The anterior extremity terminates 
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in a small irregular process, and the medial aspect presents, in the lower half of its circumfer- 
ence, a groove for the reception of the tympanic membrane. 

Up to the middle of the fifth month tbe periotic capsule is cartilagiDOUB; it then oesiGes 
so rapidly that hy the end of the sixth month its chief portion is converted into porous bone. 
The ossinc material is deposited in four centres, or Kroupa of centres, named according to 
their relation to the ear-capsule in its embryonic position. 

The nuclei are deposited in the following order:^ 

1. The opisthotic appears at the end of the fifth month. The osseous material is seen first 
OQ the promontory, and it quickly surrounds the fenestra cochlete from above downward, and 
forms the floor of the vestibule, the lower part of the fenestra vestibuli, and the internal au< 
ditory meatus; it also invests the cochlea. Subsequently a plate of bone arises from it to sin- 
round the int^^al carotid artery and form the floor of the tympanum. 

2. The prootic nucleus is deposited behind the internal auditory meatus near the medial 
limb of the superior semicircular canal. It covers in a part of the cochlea, the vestibule, and 
the internal auditory meatus, completes the fenestra vestibuli, and invests the superior semi- 
oiroular canal. 

3. The pterotic nucleus ossifies the tegmen tympani and covers in the lateral semicircular 
canal; the ossifie matter is first deposited over the lateral limb of this canal. 

4. The epiotic, often double, is the last to appear, and is first seen at the most posteriw 
part of the posterior semicircular canal. 

At birth the bone is of loose and open texture, thus offering a striking contrast to the dense 
mod ivory-like petrosal of tbe adult. It also dilfera from the adult bone in several other par- 
UcuImv. The fioccular fossa is widely open and conspicuous. Voltolini has pointed out that 
a small canal leads from the floor of the floccular fossa and opens posterior^ on the mastoid 
surface of the bone; it may open in the mastoid antrum. The hiatus canalis facialis is unclosed 
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and the tympanum is filled with gelatinous connective tissue. The mastoid process is not 
devel(»>ed. and the jugular fossa \s a shallow depression. 

AJFter birth the parts grow rapidly. The tympanum becomes permeated with air, the var- 
ious elements fuse, and tne tympanic anniilus grows rapidly and forms the tympanic plate. 
Development of the tympanic plate takes place by an outgrowth of bone from the lateral 
aspect of the tympanic annutus. This outgrowth takes place most rapidly from the tubercles 
or spines at its upper extremities, and in consequence of theslow growth of the lower segment a 
deep notch is formed; gradually the tubercles coalesce, lateral to the notch, so as to enctoee a 
foramen which persists uatit puberty, and sometimes even in tbe adult. In most akuUs a cleft 
capable of receiving the nail remains between the tympanic element and the mastoid procea; 
this is the tvmpano-mastoid fissure. The anterior portion of the tympanic plate forma with 
the inferior oorder of the squamosal a cleft known as the petro-tympanic fissure, which is sub- 



the vaginal process (sheath of the styloid). 

The mastoid process becomes distinct about the first year, coincident with the obliteration 
of the petrosquamous suture, and increases in thickness by deposit from the periosteum. 
According to most ^Titers, the process becomes pneumatic about the time of puberty, but 
it has been shown by Young and Milligan that the mastoi<l air-cells develop at a much 
earlier period than is usually supposed. These writers have described specimens in which the 
air-cells were present, as small pit-tike diverticula from the mastoid antrum, in a nine months' 
fcetus and in an infant one year old. In old skulls the air-cells may extend into the jugular 
process of the occipital bone. • 

At birth the mastoid antrum is relatively large and bounded laterally by a thin plate of 
bone belonging to the squamosal ( post-auditor v process). As the mastoid increases in thick- 
neas the antrum comes to lie at a greater depth from the surface and becomes relatively smaller. 
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The styloid procesa is ossified in cartilage from two centres, one or which appears at the 
base in the tympano-hyal before birth. This soon joins with the temporal bone, and in the 
second year a centre appears for the Bty)o-byal, which, however, remains very small until pu- 
berty. In the adult it usually becomes firmly united with the tympano-hyal, but it may remain 
permanently separate. 

THE TYMPANUM 

The tympanum (middle ear) includes a cavity [cavum tympaoi] of irregular 
form in the temporal bone, situated over the jugular fossa, between the petrous 
portion medially and the tympanic and squamous portions laterally. When fully 
developed, it is completely surrounded by bone except where it communicates 
with the external auditory meatus, and preseots for examination six walls — 
lateral, medial, posterior, anterior, superior (roof), and inferior (floor). The 
lateral and medial walls are flat, but the remainder are curved, so that they run 
into adjoining surfaces, without their limits being sharply indicated. 

The roof or tegmen tympani [paries tegmentalis] is a translucent plate of bone, forming 
part of the superior surface of the petrous portion and separatine the tympanum from the 
middle foaea of the skull. Thp floor [paries jugularis] is the plate of bone whiofa forma tike roof 
of the jugular fossa. 

The medial wall [paries labyrinthica] is formed by the tympanic surface of the petrona 
portion. In the angle netween it and the roof is a horisontail ridge which extends backward aa 
far SB the posterior wall and then turns downward in the angle between the metlialandposterior 
walls. This is the facial (Fallopian) canal, and is occupied by the facial nerve. The other 
features of thin surface — viz., the fenestra vestibuli, the fenestra cochlen, and the promontotj 
— have previously been described with the anterior surface of the petrous portion of the temporal 
bone. 

The posterior wall [paries maatoidea] of the tympanum is also formed by the anterior 
fturfaco of the petrous portion. At the superior and lateral angle of this w&U an opening 
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leads into the mastoid antrum. Immediately below this opening there is a small hollow cone, 
the pyramidal eminence, the cavity of which is continuous with the descending limb of the 
facial canal. The cavi^ is occupied by the ttapediat and the tendon of the muscle emergea 
at the apex. One or more bony spicules often connect the apex of the pyramid with the 
promontory. 

The roof and floor converge toward the anterior extremity of the tympanum, which is, in 
consequence, very low; it is occupied by two semicanals, the lower for the Eustachian tube, the 
upper for the tensor tj/mpanx muscle. These channels are sometimes described together as the 
canalia mnscnlo-tubarlns. In carefully prepared bones the upper semicanal is a smail hori- 
lontal hollow cone (anterior pyramid), 12 mm. in length; the apex is just in front of the fenestra 
vestibuli, and is perforated to permit the passage of the tendon of the muscle. As a rtde, the 
thin walls of the canal are damaged, and represented merely by a thin ridge of bone. The 
posterior portion of this ridge projects into the tympanum, and is known as the processus 
cocUeariformls. The thin septum between the semicanal for the tensor tympani and the 
tube is pierced by a minute opening which transmits the smail deep petrosal nerve. 

The lateral wall [paries membranacea] is occupied mainly by the external auditory meatus. 
This opening is closed in the recent state by the tympanic membrane. The rim of bone to 
which the membrane is attached is incomplete above, and the defect is known as the tympanic 
notch (notch of Rivinus). Anterior to this notch, in the angle between the squamous portion 
and the tympanic plate, is the petre -tympanic (Glaserian) fissure, and the small passage 
which transmita the chorda tympani nerve, known as the csnal of Huguier. 

Up to this point the description of the middle ear conforms to that in general usage. But 
Young and Milligan have laid stress on the fact th&t the middle ear is really a cleft, named 
by them the "mtddfe-ear cleft," which intervenes between the periotic capsule, on the one hand, 
and the sauamo-iygomatic and tympanic elements of the temporal bone on the other. This 
cleft, as aevelopment proceeds, gives rise to three cavities: — (1) the mastoid aptrum; (2) 
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tympanum; and (3) the Eustachian tube. They point out that "the cleft is primarily con- 
tinuous, and however much it may be altered in shape and modified in parts to form these three 
cavities, that continuity is never lost." It will be clear tbat the mastoid antrum, according to 
this view, is not an outgrowth from the tympanum, but is simply the lateral end of the middle- 
ear cleft. 

The tympanic cavity may be divided into three parts. The part below the 
level of the superior margin of the external auditory meatus is the tympanum 
proper; the portion above this level is the epitympanic recess or attic; it receives 
the head of the malleus, the body of the iacus, and leads posteriorly into the 
recess known as the mastoid antrum. The third part is the downward extension 
known as the hypotympanic recess. 

The tvmpanic or mastoid ontmm. — The air-cella which in the adult are found in the 
interior of the mastoid portion of the temporal bone open into a small cavity termed the 
mastoid antrum. This la an air-chamber, cummunicattnii with the attic of the tympaiiun], 
and separated from the middle cranial fossa by the posterior portion of the tegmen tympani. 
Theflooriflformedby the mastoid portion of the petrosal, and the lateral wall by the squamosal, 
below the temporal ridge. In children the outer wall is exceedingly thin, but in the adult it is 
of considerable thickness. The lateral semicircular canal projects into the antrum on its 
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The mastoid antrum has somewliat the form of the bulb of a retort (Thane and Godlee) 
compressed laterally, and opening by its narrowed neck into the attic or epitympanic recess. 
Its dimensions vary at difFerent periods of life. It is well developed at birth, attains \Xa maxi- 
mum size about the third year, and diminishes somewhat up to adult life. In the adult the 
plate of bone which forms the lateral wall of the antrum in 12 to 18 mm. (4 to } in.) in thickueaa, 
whereas at birth it is about 1.8 mm. {^/ in.) or less. The deposition of bone laterally occurs, 
therefore, at average rate of nearly 1 mm. a year in thicknees. In the adult the antrum ia 
about 12 mm. ik in.) from front to back, 9 mm. () in.] from above downward, and 4.fi mm. 
(ft in.) from side to side. 

A canal occasionally leads from the mastoid antrum through the petrous bone to open in 
the recess which indicates the position of the floccular fossa; it ia termed the petro-mastoid 
canal. (Gruber.) 

The facial (Fallopian) canal. — This canal begins at the anterior angle of the superior fossa 
of the internal auditory meatus, and passes forward and laterally above the vestibular portion 
of the internal ear for a distance of 1.5-2.0 mm. At the lateral end of this portion of its course 
it becomes dilated to accommodate the geniculate ganglion, and then turns abruptly back- 
ward and runs in a horizontal ridge on the medial wall of the tympanum, lying in the angle 
between it and the tegmen tympani, immediately above the fenestra vestibuh, and extendmg 
as far backward as the entrance to the mastoid antrum. Here it comes into contact with the 
inferior aspect of the projection formed by the lateral semicircular canal, and then turns verti- 
cally downward, running in the angle between the medial and posterior walls of the tympanum 
to terminate at the stylo-mastoid foramen. 

The canal is traversed by the facial nerve. Numerous openings exist in the walls of this 

Sasaage. At its abrupt bend, or genu, the greater and smaller superficial petrosal nerves eecape 
'om, and a branch from the middle meningeal .irtery enters, the canal, and in the vertical port 
of its course the cavity of the pyramid opens into it. There is also a small orifice by which the 
auricular branch of the vagus joins the facial, and near its termination the iter chorda posteriu 
for the chorda tympani nerve leads from it into the tympanum. 
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The small bones of the tympaaum.— These bones, the malleus, incus and 
stapes, are contained in the upper part of the tympanic cavity. Together they 
fonn a jointed column of bone connecting the membrana tympani with the 
fenestra vestibuli. 

Th« nulleus. — Thia is the moat external of the auditory ossicles, and lies in relation with the 
tympanio membrane. Its upper portion, or head, is lodged in the epitympanic receas. It is 
of rounded shape, and i>re3ent0 posteriorly an elliptieal depression lor articulation with the 
incus. Below the head is a constricted portion or neck, from which three processes diverge. 
The largest is the handle or manubrium, which is slightly twisted and flattened. It forms an 
obtuse angle with the head of the bone, and lies between the membrana tympani and the 
mucous membrane covering its inner surface. The tensor tympani tendon is inserted into the 
manubrium near its junction with the neck on the media) side. 



Fig. 99. — The Bones 



Eak. (Modified from Uenle.} 




The anterior process (processus gracilis or Foliij ie a long, slender, delicate spiculum of bone 
trarely seen of full length except in the fcctus), projecting nearly at right anglua to the anterior 
aspect of the neck, and extending obliquely downward. It lies in the petro- tympanic fissure, 
and in the adult usually becomes convertea into connective tissue, except asmall oasal stump. 
The lateral process is a conical projection from the lateral aspect of the base of the manu- 
brium. Its apex is connected to the upper part of the tympanic membrane, and its base receives 
the lateral ligament of the malleus. The malleus also gives attachment to a superior ligament 
and an anterior l^ament, the latter of which was formerly described as the laxator tympani 
muscle. 

The incus.-^This bone is situated between the malleus externally and the stapes internally. 
It presents for examination a body and two procexse^. The body is deeply excavated anteriorly 
for the reception of the head of the malleus. The short process projects backward, and is 
connected by means of ligamentous fibres to the posterior wall of the tympanum, near the 
entrance to the mastoid antrum. The long process is slender, and directed downward and in- 
ward, and lies parallel with the manubrium of the malleus. On the medial aspect of the distal 
extremity of this procesa is the lenticular process (orbicular tubercle), separate in early life, but 
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subsequently joined to the process by a narrow neck. Ita free surface artioulstea with the hesd 
of the stapes. 

The stapes is the innermost ossicle. It haa a head directed horiiontaUy outward, cap^ 
at its outer extremity by a disc resembling the head of the radius. The cup-shaped depressim 
receives the lenticular process of the iacus. The base occupies the fenwtra vestibuli, and like 
this openiDg, the inferior border is straisht, and the superior curved. The base is connected 
with the bead h^ mesjis of two crura, and a narrow piece of bone called the neck. Of the two 
crura, the anterior is the shorter and straighter. The crura with the base form a stirrup-ahaped 
arch, of which the inner margin presents a groove for the reception of the membrane stretched 
across the hollow of the stapes. In the early embryo this hollow is traversed by the stapedial 
artery. The neck is very short, and receives on its posterior border the tendon of the aUrptiiM 

Development. — The tympanic cavity represents the upper extremity of the first endodermal 
branchial groove, which becomes converted iiit« a blind pouch, the communication of which 
with the pharyngeal cavity is the tuba auditiva (EuBtachian tube). The thin membrane which 
separates the endodermal from the ectodermal groove becomes the tympanic membrane, and 
it is from the upper extremities of the axial skeletons of the first and second branchial arches, 
which bound the groove anteriorlv and poateriorlv, that the auditory ossicles are formed, the 
malleus and incus belonging to the first arch ana the stapes to the second (Reiohert). The 
ossiclee consequently he originally in the walls of the cavity, but they ore surrounded by a loose 
spongy tissue, which, oo the entrance of air into the cavity, becomes compressed:, allowug the 
cavity to enfold the ossicles. These therefore are enclosed within an epitnebum which is coo< 
tinuous medially with that lining the posterior tympanic wall, and laterally with that linini 
the internal surface of the tympanic membrane. 

The mastoid cells are outgrowths of the cavitv into the adjacent bone, and are therefore 
lined with an epithelium continuous with that of toe cavity. 

THE OSSEOUS LABYRINTH 

The osseous Iflbyrinth [labyrinthus osseus] (&g. 100) is a complex cavity 
hollowed out of the petrous portion of the temporal bone and contaioing the 
membranous labyrinth, the essential part of the organ of hearing. It is in- 
completely divided into three parts, named the vestibule, the semicircular canals, 
and the cochlea. 

Fio. 100. — The Left OasEous Labyrinth. (After Henle. From a cast.) 

erior lemiclrculu- cuul 



lateral Mmlcirculu unal 



The vestihule. — This is an oval chamber situated between the base of the internal auditory 
meatus and the medial wall of the tympanum, with which it communicates by way of the 
fenestra veatibuli. Anteriorly, the vestibule leaida into the cochlea, and posteriorly it receiver 
the axtf emities of the semicircular canals. It measures about 3 mm. transverHely, and is some- 
what longer antero-poateriorly. 

Its medial wall presents at the anterior part a circular depression, the spherical recess 
{fovea hemispheric a), which is perforated for the passage of nerve-twi^. This recess is s^>a- 
rated by a vertical ridge (the crista vestibuli) from the vestibular orifice of the aqasdactui 



Fig, 101.— The Cochlea i.-* Sagittal Seition. (After Henle.) 





vestibuli, which passes obUquely backward to open on the posterior surface of the petrosal. 
The roof ooolaina an oval depression — the elliptical recess (fovea hemielliptica). 

The semicircular csnsls are three in number. Arranged in different planes, each forms 
about two-thirds of a circle. One extremity of each canal is dilated to form an ampulla. 

The superior canal lies transversely to the long axis oF the petrosal, and ia nearly vertical; 
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its highest limb makes a projection on the superior surface of the bone. The ampulla is at the 
laterfS end; the medial end opens into the vestibule conjointly with the superior limb of the 
posterior canal. 

The posterior canal is nearly vertical and lies in a plane nearly parallel to the posterior sur- 
face of the petrosal. It is the longest of the threej its upper extremity joins the medial limb 
of the superior canal, and opens in common with it mto the vestibule. The lower is the ampul- 
lated ena. 

The lateral canal is placed horizontally and arches laterally; its lateral limb forms a 
prominence in the mastoid antrum. This canal is the shortest; its ampulla is at the lateral end 
near the fenestra vestibuli. 

The cochlea. — This is a cone-shaped cavity lying with its base upon the internal auditory 
meatus, and the apex directed forward and lat^ally. It measures about five millimetres in 
length, and the diameter of its base is about the same. The centre of this cavity is occupied by 
a column of bone — the modiolus — around which a canal is wound in a spiral manner, making 
about two and a half turns. This is the spiral canal of the cochlea; its first turn is the largest 
and forms a bulging, the promontory, on the medial wall of the tympanum. 

Projecting into the canal throughout its entire length there is a horizontal, shelf-like lamella, 
the lamina spiralis, which terminates at the apex of the cochlea in a hook-like process, the 
hamulus. The free edge of the lamina spiralis gives attachment to the membranous cochlea, 
a canal having in section the form of a triangle whose base is attached to the lateral wall of the 
spiral canal. By this the spiral canal is divided into a portion above the lamina spiralis, termed 
the scala vestibiili, which communicates at its lower ena with the osseous vestibule, and a portion 
below, termed the scala tympani, which abuts at its lower end upon the fenestra cochles. The 
two seals communicate at the apex of the cochlea by the helicotrema. Near the commencement 
of the scala tympani^ and close to the fenestra rotunda, is the cochlear orifice of the canaliculus 
cochleflB (ductus perilymphaticus). In the adult this opens below, near the middle of the pos- 
terior border of the petrous bone, and transmits a small vein from the cochlea to the jugular 
fossa. 

Measurements of the principal parts connected with the auditory organs: — 
Internal auditory meatus Length of anterior wall. 13-14 mm. 

Length of posterior wall, 6.7 mm. 

External auditory meatus 14-16 mm. (Gruber.) 

Tympanum Length, 13 mm. 

Height in centre of cavitv, 15 mm. 

Width opposite the membrana tympani, 2 mm. 

Width opposite the tubal orifice, 3-4 mm. (Von TrOltsch.) 

The capsule of the osseous labyrinth is in len^h 22 mm. (Schwalbe.) 

Superior semicircular canal measures along its convexity 20 mm. 

The posterior semicircular canal measures along its convexity 22 mm. 

The lateral semicircular canal measures along its convexity 15 mm. 

The canal is in diameter 1.5 mm. (Huschke.) 

The ampulla of the canal. 2.5 mm. 

Development. — The membranous internal ear arises in the embryo as a depression of the 
«ctoderm of the surface of the head opposite the fifth neuromere of the hind-brain and later 
becomes a sac-like cavity, the otocyst, which separates from its original ectodermal connec- 
tions and sinks deeply into the subjacent mesoderm, a part of which becomes incorporated with 
it. The rest of the mesodermal tissue which surrounds the otocyst becomes later the petrous 

Eortion of the temporal bone, the perilymph and the internal periosteal layer; the osseous 
kbyrinth is therefore merely the portions of the petrous which enclose the cavity occupied by 
the membranous internal ear. 

THE ETHMOID 

The ethmoid [os ethmoidale] is a bone of delicate texture, situated at the an- 
terior part of the base of the cranium (figs. 102, 103, 104). Projecting downward 
from between the orbital plates of the frontal, it enters into the formation of the 
orbital and nasal fossse. It is cubical in form, and its extreme lightness and 
delicacy are due to an arrangement of very thin plates of bone surrounding 
irregular spaces known as air-cells. The ethmoid consists of four parts : the hori- 
zontal or cribriform plate, the ethmoidal labyrinth on each side, and -a perpen- 
dicular plate. 

The cribriform plate [lamina cribrosa] forms part of the anterior cranial fossa, 
and is received into the ethmoidal notch of the frontal bone. It presents on its 
upper surface, in the median line, the intra-cranial portion of the perpendicular 
plate, known as the crista galli, a thick, vertical, triangular process with the high- 
est point in front, and a sloping border behind which gives attachment to the falx 
cerebri. The anterior border is short and in its lower part broadens out to form 
two alar processes which articulate with the frontal bone and complete the 
foramen caecum. The crista galli is continuous behind with a median ridge, 
and on each side of the middle line is a groove which lodges the olfactory bulb. 

6 
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The cribriform plate is pierced, od eacK side, by num^oua foramina, arranged in two or 
three rows, which transmit the filameots of the olfactory nerves deecendioK from the bulb. 
Those in the middle of the groove are few and are simple perforations, througn which pass the 
nerves to the roof of the nose; the medial and lateral seriea are more numeraus and constitute 
the upper ends of small canals, which subdivide as they course downward to the upper parta 
of the septum and the lateral wall of the nasal fossa. At the front part of the cribriform plate 
is a narrow lonritudinal slit, on each side of the crista KalUj which transmits the anterior eth- 
moidal (nasal) branch ot the ophthalmic division of the fifth nerve. The poeto'ior border 
articulates with the ethmoidal spine of the sphenoid. 

Fig. 102.- 




Tfae perpendicular plate (mescthmoid) [lamina perpendicularis is directly 
continuous with the crista galli on the uniler aspect of the cribriform plate, so 
that the two plates cross each other at right angles. The larger part of the 
perpendicular plate is below the point of intersection and forms the upper third 
of the septum of the nose. It is quadrangular in form with unequal sides. 



;a, 103. — The Ethmoiu. (Lateral view.) 



ftnteiior Mtunaidil croon 




The anterior border articulates with the spine of the frontal and the crest of the naaal bonM. 
The inferior border articulates in front with the ae|)tal cartilage of the nose and behind with the 
anterior niarifin of the vomer. The posterior margin is very thin and articulates with the crest 
of the sphenoiil. This plate, which is generally deflected a little to one side, presents above a 

r set of foramma in the cribri- 



The labyrinth (lateral mass) is obloi^ in shape and suspended from the under 
aspect of the lateral part of the cribriform plate. It consists of two scroll-like 
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pieces of bone, the superior and middle nasal conclue (turbinate bones), and 
encloses numerous irregulwly shaped spaces, known as the ethmoidal cells. 
These are arranged in three seta — anterior, middle, and posterior ethmoidal cells 
— and, ia the recent state, are lined with prolongations of the nasal mucous 
membrane. Laterally the labyrinth presents a thin, smooth, quadrilateral plate 
of bone — the lamina papyracea (os planum) — which closes in the middle and 
posterior ethmoidal cells and forms a large part of the medial wall of the orbit. 

By its anterior border it articulatea with the lacrimal, and hy its posterior border with the 
sphenoid; the inferior border articulates with the medial mai^in of the orbital plate of the 
maxilla and the orbital process of the palate bone, whilst the superior border articulates wiUl 
the horizontal plate of the frontal. Two notcbes in the superior border lead into i^oorea 
running horizontally across the lateral mass to the cribriform plate, which comptete, with the 
frontal bone, the ethmoidal canals. The anterior canal transmits the anterior ethmoidal veft> 
sela and (nasal) nerve; the posterior transmits the posterior ethmoidal vessels and nerve. 
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At the lower part of the lateral surface is a deep groove, which belongs to 
the middle meatus of the nose, and is bounded below by the thick curved margin 
of the inferior nasal concha. Anteriorly the middle meatus receives the in- 
fundibulmn, a sinuous passage which descends from the frontal sinus through the 
anterior part of the labyrinth. The anterior ethmoidal cells open into the lower 
part of the infundibulum, and in this way communicate with the nose, whereas 
the middle ethmoidal cells open directly into the middle or horizontal part of the 
meatus. In front of the lamina papyracea are seen a few broken cells, which 
extend under, and are completed by, the lacrimal bone and the frontal process 
of the maxilla; from this part of the labyrinth an irregular lamina, known as the 
tmcinatc process, projects downward and backward. The uncinate process 
articulates with the ethmoidal process of the inferior nasal concha and forms a 
small part of the medial wail of the maxillary sinus. 

Medially the labyrinth takes part in the formation of the lateral wall of the 
nasal fossa, and presents the superior and middle nasal conclue (turbinate 
processes), continuous anteriorly, but separated behind by a space directed for- 
ward from the posterior margin. This channel is the superior meatus of the nose 
and commuDJcates with the posterior ethmoidal cells. The conchee are covered 
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in the recent state with mucous membrane and present numerous foramina for 
blood-vesaels and, above, grooves for twiga of the olfactory nerves. Each 
concha has an attached upper border and a free, Blightly convoluted, lower 
border, and in the case of the middle concha, the lower margin has already been 
noticed on the outer aspect, where it overhar^s the middle meatus of the nose. 
The posterior extremity of the labyrinth articulates with the anterior surface 
of the body of the sphenoid and is commonly united with the sphenoidal concha. 

A rounded prominence on the lateral wall of the middle meatus is known as the bnlli 
•thmoidalls. Antero-inferior to the bulU is a large aemilunar depreaaion [hiatua semilunarii] 
which correeponda to the lower aperture of the infundibulum. 

Many ot the ethmoidal cells are imperfect and are completed by adjacent bones. Thoae 
along; the HUpcrior edge of the lateral mass are the fronto -ethmoidal; those at the anterior 
border, usually two in cumber, are known as lacrimo -ethmoidal. Those aloas the Iowa 
et^e of the lamina papyracea are the maiillo -ethmoidal; and posteriorly, are tne apheno- 
eumoidal, completed by the sphenoidal concha, and a palato-ethmoldal cell. The anterior 
extremity presente one or two incomplete cells closed by the nasal process of the m&xilla. 

Blood-BUpplj. — The ethmoid receives its blood-aupply from the anterior and poat«rioi 
ethmoidal arteries and from the epheno-palatine branch of the internal maxillary. 

Articulations. — ^With the frontal, sphenoid, two palate bones, two nasals, vomer, two 
inferior nasal conchce, two sphenoidal conchie, two maxilhe, and two lacrimal bones. The 
posterior surface of each labyrinth is in relation with the sphenoid on each side of the crest and 
rostrum, and helps to close m the sphenoidal sinus. 

Oaaiflcation. — The ethmoid has three centres of ossification. Of these, a nucleus appean 
in the fourth month of intro-uterine life in each labyrinth, first in the lamina papyracea and 
afterward extending into the middle concha. At bu'th each lateral portion is repreaeated by 
two Bcroll-iike bones, very deUcate and covered with irregular depressions, which give it a wtani- 
eaten appearance. Six months after birth a nucleus appears in the ethmo-vomerine cartilage lor 
the vertical plate which gradually extends into the crista galii, and the cribriform plate is formed 
by ossification extending laterally from this centre, and medially from the labyrintJL The 
three parts coalesce to form one piece in the fifth or sixth year. 

The ethmoidal cells make their appearance about the third year, and gradually tnTade 
the labyrinths. In many places there is so much absorption of bone that the cells perforate 
the ethmoid in ftituations where it is overlapped by other bones. AJong the lower bordv, neat 
its articulation with the maxilla, the absorption leads to the partial detachment of a narrow 
strip known as the uncinate process. Sometimes a second but smaller hook-like process ii 
formed, above and anterior to this, so fragile that it is difficult to preserve it in disarticulated 
bones. The relations of the uncinate process are best studied by removing the lateral wall ol 
the maxillary sinus. 

THE INFERIOR NASAL CONCHA 

The inferior nasal concha (inferior turliinate) (fig. 105) is a slender, scroll-like 
lamina, attached by its upper margin to the Ifttcra) wall of the nasal fossa, and 
hanging into the cavity in such a way as to separate the middle from the inferior 

Fia, 105. — The iNrERion Concha, Aoui.t Sphenoidal Turuinate, and Lackiu al Bonbs. 
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meatii.'i of the nose. It may be regarded as a dismemberment of the ethmoidal 
labyrinth, with which it is closely related. It presents for examination two 
surfaces, two borders, and two extremities. 

The lateral surface is concave, looks toward the lateral wall of the nasal fossa, 
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and is overhung by the maxillary process. The medial surface is convex, pitted 
with depressions, and grooved for vessels, which, for the most part, run longi- 
tudinally. The superior or attached border articulates in front with the conchal 
crest of the maxilla, then ascends to form the lacrimal process, which articulates 
with the lacrimal bone and forms part of the wall of the lacrimal canal. Behind 
this, it is turned downward to form the maxillary process, already mentioned, 
which overhangs the orifice of the maxillary sinus and serves to fix the bone firmly 
to the lateral wall of the nasal fossa. The projection behind the maxillary process 
is the ethmoidal process, joined in the articulated skull with the uncinate process 
of the ethmoid across the opening of the maxillary sinus. Posteriorly the upper 
border articulates with the conchal crest of the palate. The inferior border 
is free, rounded, and somewhat thickened. The anterior extremity is blimt and 
flattened, and broader than the posterior extremity, which is elongated, narrow, 
and pointed. 

Articulations. — With the maxilla, lacrimal, palate, and ethmoid. 

Ossification. — The inferior nasal concha is ossifiea in cartilage from a single nucleus which 
appears in the fifth month of intra-uterine life. At birth it is a relatively large bone and filla 
up Uie lower part of the nasal fossa. 

THE LACRIMAL 

The lacrimal bone [os lacrimale] (fig. 105) is extremely thin and delicate, 
quadrilateral in shape, and situated at the anterior part of the medial wall of the 
orbit. It is the smallest of the facial bones. 

The orbital surface is divided by a vertical ridge, the posterior lacrimal 
crest, into two unequal portions. The anterior, smaller portion is deeply grooved 
to form the lacrimal groove, which lodges the lacrimal sac and forms the com- 
mencement of the canal for the naso-lacrimal duct. The portion behind the 
ridge is smooth, and forms part of the medial wall of the orbit. The ridge gives 
origin to the orbicularis oculi {pars lacrimalis) muscle and ends below in a hook-like 
process, the lacrimal hamulus, which curves forward to articulate with the lacrimal 
tubercle of the maxilla and completes the superior orifice of the naso-lacrimal 
canal. The medial surface is in relation with the two anterior cells of the ethmoid 
(lacrimo-ethmoidal), forms part of the infundibulum, and inferiorly looks into 
the middle meatus of the nose. The superior border is short, and articulates 
with the medial angular process of the frontal. The inferior border posterior to 
the crest joins the medial edge of the orbital plate of the maxilla. The narrow 
piece, anterior to the ridge, is prolonged downward as the descending process 
to join the lacrimal process of the inferior nasal concha. The anterior border 
articulates with the posterior border of the frontal process of the maxilla and the 
posterior border with the lamina papyracea of the ethmoid. 

The vessels of the lacrimal bone are derived from the infra-orbital, dorsal nasal branch of 
the ophthalmic, and anterior ethmoidal arteries. 

Articulations. — The lacrimal articulates with the ethmoid, maxilla, frontal, and inferior 
nasal concha. 

Ossification. — This bone arises in the membrane overlving the cartilage of the fronto-nasal 
plate, and in its mode of ossification is very variable. As a rule, it is formed from a sinele 
nucleus which appears in the third or fourth month of intra-uterine life. Not infrequently, tne 
hamulus is a separate element, and occasionally the bone is divided by a horizontal cleft, & pro- 
cess of the lamina papyracea projecting between the two halves to join the frontal process of 
the maxilla. More rarely the bone is represented by a group of ' detached ossicles resembling 
Wormian bones. 

. The hamular process is regarded as representing the remains of the facial part of the 
lacrimal seen in lower animals. 

THE VOMER 

The vomer (fig. 106) (ploughshare bone) is an unpaired flat bone, which lies 
in the median plane and forms the lower part of the nasal septum. It is thin and 
irregularly quadrilateral in form, and is usually bent somewhat to one side, 
though the deflection rarely involves the posterior margin. Each lateral surface 
is covered in the recent state by the mucous membrane of the nasal cavity, and is 
traversed by a narrow but well-marked groove, which lodges the naso-palatine 
nerve from the spheno-palatine ganglion. 
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The superior border, by far the thickest part of the boDe, is expanded laterally 
into two alae. The groove between them receives the rostrum of the sphenoid, 
and the margin of each ala comes into contact with the sphenoidal process of the 
palate and the vaginal process of the medial pterygoid plate. The inferior border 
is uneven and lies in the groove formed by the crests of the maxillary and palate 
bones of the two sides. The anterior border slopes downward and forward and is 
grooved below for the septal cartilage of the nose; above it is united with the 
perpendicular plate of the ethmoid. The posterior border, smooth, rounded, and 
covered by mucus membrane, separates the posterior nares. The anterior and 
inferior borders meet at the anterior extremity of the bone which forms a short 
vertical ridge behind the incisor crest of the maxillae. From near the anterior 
extremity, a small projection passes downward between the incisive foramina. 

Fig. 106.— The Vomer. (Side view.) 
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Blood -supply. — The arterial supply of the vomer is derived from the anterior and posterior 
ethmoidal and the spheno-palatine arteries. Branches are also derived from the posterior 
palatine through the foramen incisivum. 

Ossification. — The vomer is ossified from two centres which appear about the eighth week 
in the membrane investing the ethmo-vomerine cartilage. The two lamells imite bdow during 
the third month and form a shallow bony trough in which the cartilage lies. In the process 
of growth the lamelke extend upward and forward and gradually fuse to form a rectangular 
plate of bone, the cartilage enclosed between them undergoing absorption at the same time. 
The alae on the superior margin and the groove in front are evidence of the original bilaminar 
condition. 

THE NASiVL 

The nasal (figs. 107 and 108) are two small oblong bones situated at the upper 
part of the face and forming the bridge of the nose. Each bone is thicker and 
narrower above, thinner and broader below, and presents for examination two 
surfaces and four borders. 



Fig. 107. — The Left Nasal Bone, 
Facial Surface. 
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Fig. 108. — The Left Nasal Bone, 
Nasal Surface. 



Medial border 




Groove for eztemal nasal branch of 
anterior ethmoidal nerra 



The facial surface is concave from above downward, convex from side to side, 
and near the centre is perforated by a small foramen, which transmits a small 
tributary to the facial vein. The posterior or nasal surface, covered in the recent 
state by mucous membrane, is concave laterally, and traversed by a longitudinal 
groove [sulcus ethmoidalis] for the anterior ethmoidal branch of the ophthalmic 
division of the fifth nerve. The short superior border is thick and serrated for 
articulation with the medial part of the nasal notch of the frontal. The inferior 
border is thin, and serves for the attachment of the lateral nasal cartilstge. It 
is notched for the external nasal branch of the anterior ethmoidal nerve. The 
nasal bones of the two sides are united by their medial borders, forming the inter- 
nasal suture. The contiguous borders are prolonged backward to form a crest 
which rests on the frontal spine and the anterior border of the perpendicular 
plate of the ethmoid. The lateral border articulates with the frontal process 
of the maxilla. 
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Blood-supply. — Arteries are supplied to this bone by the nasal branch of the ophthalmic, 
the frontal, the angular, and the anterior ethmoidal arteries. 

Articulations. — Witn the frontal, maxilla, ethmoid, and its fellow of the opposite side. 

Ossification. — Each nasal bone is developed from a single centre which appears about the 
eighth week in the membrane overlying the fronto-nasal cartilage. The cartilage, which is 
continuous with the ethmoid cartilage above and the lateral cartilage of the nose oelow, sub- 
sequently undergoes absorption as a result of the pressure caused by the expanding bone. At 
birth the nasal bones are nearly as wide as they are long, whereas in the adult the length is 
three times greater than the width. 

THE MAXILLA 

The maxilla or upper jaw-bone (figs. 109, 110, 111) is one of the largest and 
most important of the bones of the face. It supports the maxillary teeth and 
takes part in the formation of the orbit, the hard palate, and the nasal fossa. 
It is divisible into a body and four processes, of which two — the frontal and 
zygomatic — belong to the upper part, and the palatine and alveolar to the lower 
part of the bone. 

The body is somewhat pyramidal in shape and hollowed by a large cavity 
known as the sinus maxillaris (antrum of Highmore), lined by mucous membrane 
in the recent state, and opening at the base of the pyramid into the nasal cavity, 
the zygomatic process forming the apex. The anterior (or facial) surface 
looks forward and outward and is marked at its lower part by a series of eminences 
which indicate the positions of the fangs of the teeth. The eminence produced 
by the fang of the canine tooth is very prominent and separates two fossae. 
That on the medial side is the incisive fossa, and gives origin to the alar and 
transverse portions of the nasalisy and just above the socket of the lateral incisor 
tooth, to a slip of the orbicularis oris; on the lateral side is the canine fossa, from 
which the caninus (levator anguli oris) arises. Above the canine fossa, and close 
to the margin of the orbit, is the infra -orbital foramen, through which the terminal 
branches of the infra-orbital nerve and vessels emerge, and from the ridge im- 
mediately above the foramen the quadratus labii superioris takes origin. The 
medial margin of the anterior surface is deeply concave, forming the nasal notch, 
and is prolonged below into the anterior nasal spine. 

A ridge of bone extending upward from the socket of the first molar tooth 
separates the anterior from the infratemporal (zygomatic) surface. This latter 
surface is convex and presents near the middle the orifices of the posterior 
alveolar canals, transmitting the posterior alveolar vessels and nerves. The 
posterior inferior angle, known as the tuberosity [tuber maxillare], is rough and is 
most prominent after eruption of the wisdom tooth. It gives attachment to a 
few fibres of the internal pterygoid muscle and articulates with the tuberosity of 
the palate. 

The orbital surface [planum orbitale] is smooth, irregularly triangular, and 
forms the greater part of the floor of the orbit. 

Anteriorly, it is rounded and reaches the orbital circumference for a short distance at the 
root of .the nasal process; later aUy is the rough surface for the zygomatic bone. The posterior 
border, smooth and rounded, forms the inferior boundary of the inferior orbital fissure. The 
medial border is nearly straight and presents behind the frontal process, a smooth rounded 
angle forming part of the circumference of the orbital orifice of the naso-lacrimal canal, and a 
notch which receives the lacrimal bone. The rest of the medial border is rough for articulation 
with the lamina papyracea of the ethmoid and orbital process of the palate bone. 

The orbital surface is traversed by the infra-orbital groove, which, com- 
mencing at the posterior border, deepens as it passes forward and finally becomes 
closed in to form the infra-orbital canal. It transmits the second division of the 
fifth nerve and the infra-orbital vessels and terminates on the anterior surface 
inmiediately below the margin of the orbit. From the infra-orbital, other canals 
— the anterior and middle alveolar — run downward in the wall of the antrum and 
transmit the anterior and middle alveolar vessels and nerves. Lateral to the 
commencement of the lacrimal canal is a shallow depression for the origin of 
the inferior oblique. 

The nasal surface takes part in the formation of the lateral wall of the nasal 
fossa. It presents a large irregular aperture which leads into the antrum and, 
immediately in front of this, the lacrinial groove, directed downward, backward, 
and laterally into the inferior meatus of the nose. The groove is converted 
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into a canal by the lacrimal and inferior nasal concha and transmits the naso- 
lacrimal duct. 

In front of the groove ia a smooth surface crossed obliquely by a ridge, the coochil cmt, 
for articulatioQ with the inferior nasal concha. The surface below the crest is smooth, concave, 
and bdonES to the inferior meatus; the surface above the crest extends on to the lower part of 
tie frontal process and forma the wall of the atrium of the middle meatus, , Behind the open- 
ing of the antrum the svirface is rough for articulation with the vertical plate of the palate 
bane, and crossing it obUquely is a smooth groove converted by the ;palate into the pterygo- 
palatine canal for the passage of the (descending) palatine nerves and the descending palatine 

FiQ. 108. — The Left Mucilla. (Outer view.) 
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The frontal process, aomewhat triai^ular in shape, rises vertically from the 
en^e of the maxilla. Its lateral surface is continuous with the anterior surface 
of the body, and gives attachment to the orbicularis oculi, the medial palpebral 
ligament and the quadratus labii siiperioris [caput angvlare). The medial sur- 
face forms part of the lateral boundary of the nasal fossa and is crossed obliquely 
by a low ridge, known as the agger nasi, limiting the atrium of the middle meatus. 

The hinder part of this surface rests on the anterior extremity of the labyrinth of the eth- 
moid and completes the maxillo^thmoidal cells. The superior border articulates with the 
frontal: the anterior border articulates with the na.sal bone; the posterior border is thick and 
verticaUy grooved, in continualion with the laoriniol groove, and lodges the lacrimal sac. 
The medial margin of the groove articulates with the lacrimal bone, and the junction of^ita 
lateral margin with the orbital surface is indicated by the lacrimal tubercle. 



F:o. no.— Tub Left Maxilla, (li 
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The zygomatic process, rough and triangular, forms the summit of the 
prominent ridge of bone separatii^ the anterior and infratemporal surfaces. It 
articulates above with the zygomatic, and from its inferior angle a few fibres of 
the massetcr take origin. The anterior and posterior surfaces are continuous 
with the anterior and infratemporal surfaces of the body. 

The palatine process projects horizontally from the medial surface and, with 
the corresponding process of the opposite side, forms about three-fourths of the 
hard palate. The superior surface is smooth, concave from side to side, and 
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constitutes the larger part of the floor of the nasal fossa. The inferior surface is 
vaulted, rough, and perforated with foramina for nutrient vessels. Near its 
lateral margin is a longitudinal groove for the transmission of the vessels and 
nerves which issue at the posterior palatine canal and course along the lower 
asi>ect of the palate. When the bones of the two sides are placed in apposition, a 
large orifice may be seen in the middle line immediately behind the incisor teeth. 
This is the incisive foramen, at the bottom of which are four foramina. Two are 
small and arranged one behind the other exactly in the meso-palatine suture. 
"Hiese are the foramina of Scarpa and transmit the naso-palatine nerves, the left 

f THE Maxillaht Amtbhu. 




pasfiing through the anterior and the right through the posterior aperture. The 
lateral and larger oriSces are the foramina of Stenson, representing the lower 
apertures of two passages by which the nose communicates with the mouth; they 
transmit some terminal branches of the descending palatine artery to the nasal 
fossffi, and lodge recesses of the nasal mucous membrane and remnants of 
Jacobson's organs. 

Fio. 112. — MjlXILLA and ZraouATtc Bone, to bhow MnacnLAB Attacbuknts. (Poirier.) 
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Running laterally from the incisive foramen to the space between the second incisor and 
canine tooth, an indistinct suture may eomctimes be seen, indicatint; Ihp line of junction of the 
maxillary and pre-maxiUarj' portions of the bone. The premaxilU or incisive bone is the part 
which bears the incieor teeth and in some animals exists throughout Ufe as an independent 
element. The poaterior border of the palate process is rough and serrated for articulation with 
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the horiiontal plate of the palate bone which completes the hard palate. The media) bordrr 
joina with its fellow to form the nasal crest upon which the vomer ia recdved. The more 
elevated anterior portion of this border is known as the incisor crest, and ia continued forward 
into theanterioT nasal spine. The septal cartilage of the nose rests on its summit and the&nteriot 
extremity of the vomer lies immediately behind it. At the side of the incisor crest is seen the 
upper aperture of the canal leading from the nose to the mouth (Stenson's canal), which in its 
course ^wnward becomes a groove by a deficiency of its medial wall. Thus when the two bones 
are articulated a canal is formed (incisive) with the lower ends of two canals opening into it. 

The alevolar process is crescentic in shape, sporty in texture, and presents 
cavities [alveoH dentales] in which the upper teeth are lodged. When conip]et« 

there are eight tooth-cavities (alveoli), with wide mouths, gradually narrowing 
as they pass into the substance of the bone, and forming exact impressions of the 
corresponding fangs of the teeth. The pit for the canine tooth is the deepeist; 
those for the molars are the ivideat, and present subdivisions. Along the lat«ral 
aspect of the alveolar process the buccinator arises as far forward as the first molar 
tooth. 

The nuudUary sinus or antrum of Highmore, as the air-chamber occupying 
the body of the bone is called, is somewhat pyramidal in shape, the base being 
represented by the nasal or medial surface, and the apex corresponding to the 
zygomatic process. In addition it has four walls: the superior is formed by the 
orbital plate, and the inferior by the alveolar rit^e. The anterior wall corre- 
sponds to the anterior surface of the maxilla, and the posterior is formed by the 
infratemporal surface. The medial boundary or l>ase presents a very irregular 

Fig. 113.— The Maxilla at Bihtr, 
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orifice' at its posterior part; this is partially filled in by the vertical plate of the 
palate bone, the uncinate process of the ethmoid, the maxillary process of the 
inferior nasal concha, and a small portion of the lacrmal bone. Even when these 
bones are in their relative positions, the orifice is very irregular in shape, and 
requires the mucous membrane to form the definite rounded aperture (or apertures, 
for they are often multiple) known as the opening of tlie sinus through which 
the cavity communicates with the middle meatus of the nose. 

The cavity of the sinus varies considerably in size and shape. In the young, it is small and 
the walls are thick: as life advances it enlnrces at the expense of ita walls, and in old age they are 
often extremely ihin. so that occasionally the cavity extends even into the substance of the 
lygomatic bone. The floor of the sinus is usually very uneven, due to prominences eorre- 

Sonding to the roots of the molar teeth. In most cases the bone separating the teeth from 
e sinus is very thin, and in some cases the roots project into it. The teeth which come into 
closest relationship with the sinus are the first and second molars, but the sockets of any of 
the teeth lodged in the maxilla may, under diseased conditions, communicate with it. As a 
rule, the cavity of the sinus is single, but occasionally specimens are seen in which it is divided 
by bony septa into chambers, and it is not uncommon to find recesses separated by bony 
proccSKcs. The roof of the sinus presents near ita anterior aspect what appears to be a thict 
lib of bono; this is hollow and corresponds to the infra-orbital canal. 

The most satisfactory method of studying the relation of the hones closing in the base of 
the antrum is to cutaway (he lateral wall of the cavily fsee fig, 128). 

Blood-supply.— The maxilla is a very vascular bone and its arteries are numerous and 
large, The^ are derived from the infra-orbital, alveolar, descending palatine, spheno-pala- 
tine, ethmoidal, frontal, nasal, and facial vessels. 

Articulations .—With the frontal, nasal, lacrimal, ethmoid, palate, vomer, lygomatic, 
inferior nasal concha and its fellow of the opposite side. Occasionally it articulates with the 
great wing, and the pterygoid process, of the sphenoid. 



THE PALATE BONE 91 

Ossjfiutlon. — The maxilla is developed from several centres which are deposited in mem- 
brane during the second month ot intrauterine lite. Several pieces are formea which speedily 
fuse, so that nt birth, with the exception of the incisor fisaure separatini; the maxilla from the 
premaxilla, there is no trace ot the composite character of the bone. The centres of ossification 
comprise — (1) the molar, which gives rise to the nortion of bone outside the infra-orbital canal; 
(2; the maxillary, from which the greater part of we body and the frontal profess are developed; 
(3; the palatine, forming the hinder three-fourths of the palatal process and adjoining part 
of the nasal wall; (4) the premaxillary, giving rise to the independent premaxillary bone (oa 
itici::«ivum), which lodges the incisor teeth and completes the anterior fourth of the hard palate. 
In the ear^ stages of growth the premaxUla may consist of two pieces arising from two centres 
of ocojification which Albrecht has named aa follows: — the endognatkum, or medial division for 




the central incisor, and the mesognathion, or la(«ra! divi^^ion for the lateral incisor; the rest 
of the ma.<(illa is named the ejii^niifftioit; (5) theprepalatine, corresponding to the infra-Tomerina 
centre of Rambaud and Renault, forms a. portion of bone interposed between the premaxillarj' 
in front and the palatine process behind. It gives rise to a part of the nasal surface and com- 
pletes the medial wall of the incisive canal. 

At birth the sinus is narrow from side to side and doe.^ not extend laterally to any appre- 
ciable extent between the orbit and the alveoU of the teeth. During the early years of life it 
gradually enlarges, but dues not attain its full growth until after the period of the second 

THE PALATE 

The palate bone (o8 palatinum] (figs. 115, 116) forms the posterior part of the 
bard palate, the medial wall of the nasal fossa between the maxilla and the 
medial pterygoid plate, and, by its orbital process, the hinder part of the floor 
of the orbit. It is somewhat L-shaped and presents for examination a horizontal 
part and a perpendicular part; at their point of junction is the pyramidal process, 
and surmounting the top of the vertical plate are the orbital and sphenoidal 
processes, separated by the spheno-potatine notch. 

The horizontal part resembles the palatine process ofthe maxilla, but ia much 
shorter. The superior surface is smooth, concave from side to side, and forms 
the back part of the floor of the nasal fossa; the inferior surface completes the 
hard palate behind and presents near its prosterior border a transverse ric^e 
which gives attachment to the tensor vdi palatini muscle. 

The anterior border is rough for articulation with the palatine process of the maxilla; the 
posterior is free, curved^ and sharp, giving attachment to the soft palate. Medially it is thick 
and broad for articulation with its fellow of the opposite side, forming a continuation of the 
crest ot the palatal processes of the maxillte and supporting the vomer. The posterior extremity 
ot the crest is the posterior nasal spine, from which the azygot amila arises. Laterally, at \ta 
junction with the perpendicular part, it is grooved by the lower end of the ptery go-palatine 

The perpendicular part is longer and thinner than the horizontal plate. The 
lateral surface is in relation with the maxilla and ts divided into two parts by 
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a vertical groove which forms with the maxilla the pterygo-palatiue canal fta- 
the transmissioD of the anterior palatine nerve and the descending palatine 
artery. The part of the surface in front of the groove articulates with the nasal 
surface of the maxilla and overlaps the orifice of the antrum by the maziUaiy 
process, a variable projection on the anterior border. Behind the groove the 
surface is rough for articulation with the maxilla below and the medial pterygoid 
plate above. 



Pig. 115. — Palate Bomb (Lbpt). (Medial 
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The medial or nasal surface presents two nearly horizontal ridges separating 
three shallow depressions. Of the depressions, the lower forms part of the inferior 
meatus of the nose, and the limiting ridge or conchal (inferior turbinate) crest 
articulates with the inferior nasal concha. Above this is the depression forming 
part of the middle meatus, and the ridge or ethmoidal (superior turbinate) crest, 
constituting its upper boundary, articulates with the middle nasal concha. 

Fio. 116. — Palate Bone. (Posterior view,) 
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The upper groove is 
superior meatua or the noae. The anterior border of the vertical plate is tbin and bean tbe 
maxiUuT process, a tongue-like piece of bone, which extends over the opening of the maxillai? 
sinue from behind. Thu border is continuous above with tlie orbital procees. The posterirat 
border is rough and articulates with the anterior border of the medial pterygoid plate. It is 
oontinuoua.euperiorly with the sphenoidal process. 

The pyramidal process or tuberosity fits into the notch between the lower extremitiea of 
the pterygoid plates and presents posteriorly three grooves. The middle, smooth and concave, 
completes the pterygoid fossa, and gives origin to a few fibres of the iniemoj pterygoid; the 
media! and lateral grooves are rough for articulation with the anterior border of the oorreflpond- 
ing pterygoid plate. Inferiorly, close to its junction with the horizontal plate, are the opeoinp 
of the greater palatine and amaller palatine canals, of which the latter are the smaller and less 
constanti they transmit the palatine nerves. Meoially the pyramidal process givee origiii to a 
few fibres of the superior constrictor of the pharynx, and laterally a amall part appears in the 
zygomatic fosea between the tuberosity of the maxilla and the pterygoid process of the sphenoid. 

The sphenoidal process, the smaller of the two processes surniounting the vertical part. 
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wftll ftnd roof of the nasal foaaa, and at its medial end touches the ula of the vomer. The 
latmml auiface looks forward aad laterally into the pteryKo-palatine (Bpheno-maxiUary} fossa. 
Of the two borderSithe posterior is thin and articulates with the medial pterygoid plate; the 
anterior border forma the poaterior boundary of the spheno -palatine foramen. 

The orbital process is someirhat pyramidal in shape, and presents for examination five 
aurfacee, three ol wliich — the posterior, anterior, and meoi&l — are articular and the rest non- 
articular. The posterior or SMienoidai surface is small and joins the anterior surface of the 
body of the sphenoid; the medial or ethmoidal articulates with the lab3rriDth of the ethmoid; 
ftnd the anterloT or maxUlary, which is continuous with the lateral surface of the perpendicular 
part, is joined with the maxilla. Of the two non-articular surfaces, the superior or orbital, 
directed upward and laterally, is stii^htly concave, and forms the posterior angle of the floor 
of the orbit; the lateral or zygomatic, smooth and directed lateral, looks into the pterygo> 
palatine (spheno- maxillary) and zygomatic fosss, and forms the anterior boimdary of the 
spheno-palatine foramen. The process is usuaUy hollow and the cavity completes one of the 
posterior ethmoidal cells or communicatee with the sphenoidal sinus. 

Fia. 117. — Maxilla and Palate Bones buowino bow the iKyRA-OHBiTAi, Groovb 
RuKS OuTWABD AuiosT AT RiouT Anoles frou tqe Neiohbourhood of the Sfheno- 
PAI.AT1NE Foramen on the Back of the Maxilla and the Orbital Process of thb 
Palate. Posterior View. (E. Fawcelt.) 




Between the orbital and sphenoidal processes is the spheno-palatlne notch, converted by 

into the back part j . 

the epheno-palatine ganglion and the sphen. . 

Btood-Bupply. — The palate bone receives branches from the descending palatine and tbe 
sphcQO-palatme arteries. 

ArticulationB. — With the sphenoid, maxilla, vomer, interior nasal concha, ethmoid, and its 
fellow of the opposite side. 

Ossification. — The palate is ossified in membrane from a single centre which appears about 
the eighth week at the angle between the horisontal and perpendicular parts. At birth the 
two parts are nearly equal in length, but as the nasal fosse increase in vertical depth, the 
perpendicular part is lengthened until it becomes about twice as long as the horiaontal part. 

THE ZYGOMATIC 

The zygomatic [os zygomaticum] or oialar bone (fig. 118) forms the promi- 
nence known as the cheek and joins the zygomatic process of the temporal with the 
maxilla. It is quadrangular in form with the angles directed vertically and 
horizontally. The malar (or external) suiface is convex and presents one or two 
small orifices for the transmission of the zygomatico-facial nerves and vessels. 
It ie largely covered by the orbicularis oculi and near the middle is slightly ele- 
vated to form the malar tuberosity, which gives origin to the zygomattais and 
zygomatic head of quadrate muscle of upper lip. 

The temporal (or internal) surface is concave and looks into the temporal 
and infratemporal fossse; it is excluded from the orbit by a prominent curved plate 
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of bone, the orbital process, which forms the anterior boundary of the temporal 
fossa. The upper part gives origin to a few fibres of the temporal muscle, while 
at the lower part is a large rough area for articulation with the zygomatic procei^s 
of the maxilla. 

The orbital process is placed at right angles to the remaining part of the bone 
and forms the anterior portion of the lateral wall of the orbit. On the orbital 
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surface of the process are seen the foramina of two zygomatico-orbital canals, 
which transmit the zygomatico-faeial and zygomatico- temporal branches of the 
zygomatic branch of the fifth, together with two small arteries from the lacri- 
mal. In some cases, however, the canal is single at its commencement on the 
orbital plate and bifurcates as it traverses the bone. The rough free edge of the 




process articulates above with the zygomatic border of the great wing of the 
sphenoid, and below with the maxilla. When the orbital process is large, it 
excludes the great wing of the sphenoid from articulation with the maxilla, 
and the border then presents near the middle a short, non-serrated portion 
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which closes the anterior extremity of the inferior orbital (spheno-maxillary) 
fissure. 

All the four angles of the zygomatic bone have distinguishini^ features. The superior, 
forming the fronto-sphenoidal process, is the most prominent, and is serrated for articulation 
with the zygomatic process of the frontal; the anterior or infra-orbital process, shar^) and 
pointed, articulates with the maxilla and occasionally forms the superior boundary of the infra- 
orbital foramen; the posterior or temporal process is blunt and serrated mainly on its medial 
aspect for articulation with the zygomatic process of the temporal; the inferior angle, blunt 
and rounded, is known as the malar tubercle. 

Of the four borders, the orbital is the longest and extends from the fronto-sphenoidal to the 
infra-orbital process. It is thick, rounded, and forms more than one-third of the circumference 
of the orbit; the temporal border, extending from the fronto-sphenoidal to the temporal process, 
is sinuously curved and gives attachment to the temporal fascia. Near the frontal angle is 
usually seen a slight elevation, the processus marginalis, to which a strong slip of the fascia is 
attached; the masseteric border, thick and rough, completes the lower edge of the zygomatic 
arch and gives origin to the anterior fibres of the masseter; the marillary border, rough and con- 
cave, is connected bv suture with the maxilla, and near the margin of the orbit gives origin to 
the infra-orbital head of the quadratus lalrii svperioris. 

Blood-supply. — The arteries of the zygomatic are derived from the '.infra-orbital, lacrimal, 
transverse facial, and deep temporal arteries. 

Articulations. — With the maxilla, frontal, temporal, and sphenoid. 

Ossification. — The zygomatic is ossified in membrane from three centres which appear in 
the eighth week of intra-uterine life. The three pieces, which have received the names of pre^ 
tftalar, poslmalar, and hypomalar^ unite about the fifth month. Occasionally the primary nuclei 
fail to coalesce, and the bone is then represented in the adult by two or three portions sepa- 
rated by sutures. In those cases in whi(^h the premalar and postmalar unite and the hypo- 
malar remains distinct, the suture is horizontal; if the independent portion is the premalar, 
then the suture is vertical. The bipartite zygomatic has been observed in skulls obtamed from 
at least a dozen different races of mankind, but because of the greater fre<]uency in which it 
occurs in the crania of the Japanese (seven per cent.;, the name of os Japonicum has been 
given to it. 

THE MANDIBLE 

The mandible [mandibula] or lower jaw-bone (figs. 120, 121) is the largest and 
strongest bone of the face. It supports the mandibular teeth, and by means of a 
pair of condyles, moves on the skull at the mandibular fossae of the temporal 
bones. It consists of a horizontal portion — the body — strongly curved, so as to 
somewhat resemble in shape a horseshoe, from the ends of which two branches 
or rami ascend almost at right angles. 

The body is marked in the middle line in front by a faint groove which in- 
dicates the symphysis or place of union of the two originally separate halves 
of the bone. This ends below in the elevation of the chin known as the mental 
protuberance, the lowest part of which is slightly depressed in the centre and 
raised on each side to form the mental tubercle. Each half of the mandible 
presents two surfaces and two borders. On the lateral stuface, at the side of 
the symphysis, and below the incisor teeth, is a shallow depression, the incisor 
fossa, from which the menialis and the iiicisivus labii inferiaris muscle arise; and 
more laterally, opposite the second bicuspid tooth, and midway between the 
upper and lower margins, is the mental foramen, which transmits the mental 
nerve and vessels. Below the foramen is the oblique line, extending backward 
and upward from the mental tubercle to the anterior border of the ramus; it 
divides the body into an upper or alveolar part and a lower or basilar part, and 
affords attachment to the quadratus labii inferioris and the triangularis oris. 

The medial surface presents at the back of the symphysis four small pro- 
jections, called the mental spine (genial tubercles). These are usually arranged 
in two pairs, one above the other; the upper comprising a pair of prominent 
spines, gives origin to the genio-glossi, and the lower, represented in some bones 
by a median ridge or only a slight roughness, gives origin to the genio-hyoid muscles. 
At the side of the symphysis near the inferior margin is an oval depression, the 
digastric fossa, for the insertion of the digastric muscle. Commencing below 
the mental spine, and extending upward and backward to the ramus, is the 
mylo-hyoid line, which becomes more prominent as it approaches ,the alveolar 
border; it gives attachment along its whole length to the mylo-hyoid muscle, 
at its posterior fifth to the superior constrictor of the pharj-nx, and at the pos- 
terior extremity to the pterj'go-mandibular raphe. Above this line at the side 
of the sjinphysis is a smooth depression [fovea sublingualis] for the sublingual 
gland, and below it, farther back, is another for the submaxillary gland. 
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The alveolar part or superior border is hollowed out into eight Bockets or 
alveoli. These are conical in shape and form an exact counterpart of the roots 
of the teeth which they contain. From the lateral aspect of the alveolar process, 
as far forward as the first molar tooth, the buccinator muscle takes origin. 

The base or inferior border is thick and rounded. In the anterior part of its 
extent it gives attachment to the plalysma, and near its junction with the ramus 
is a groove for the external maxillary artery which here turns upward into the face. 

The ramus is thinner than the body and quadrilateral in shape. The lateral 
surface is flat, gives insertion to the masaeter, and at the lower part is marked by 
several oblique ridges for the attachment of tendinous bundles in the substance 
of the muscle. The medial surface presents near the middle the mandibular 
(inferior dental) foramen, leading into the mandibular (inferior dental) canal 
which traverses the bone and terminates at the mental foramen on the lateral 
surface of the body. From the canal, which in its posterior two-thirds is nearer to 
the medial, and in its anterior third nearer to the lateral, surface of the mandible, 
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a aeries of small channels pass upward to the sockets of the posterior teeth and 
transmit branches of the inferior alveolar (dental) vessels and nerve; in front of 
the mental foramen a continuation of the canal extends forwar<l and conveys the 
vessels and nerves to the canine and incisor teeth. The mandibular foramen is 
bounded medially by a sharp margin forming the lingula (mandibular spine), 
which gives attachment to the spheno-mandtbular ligament. 

The posterior margin of the lingula is notched. This notch forms the 
commencement of a groove, the mylo-hyotd groove [sulcus mylohyoideus], 
which runs obliquely downward and forward and lodges the mylo-hyoid nerve 
and artery, and, in the embryo, Meckel's cartilage. Behind the spine is a rough 
area for the insertion of the internal pterygoid muscle. 

The posterior border of the ramus is thick and rounded, and in meeting the 
inferior border of the ramus forms the angle of the jaw, which is rough, obtuse, 
usually everted, and about 122° in the adult; the angle gives attachment to the 
stylo-mandibular ligament. The inferior border is thick, rounded, and continu- 
ous with the base. The anterior border is continuous with the oblique line, 
whilst the up|>er border presents two processes separated by a deep concavity, the 
mandibular (sigmoid) notch. Of the processes, the anterior is the coronoid; the 
posterior, the condylar. 
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The condylar process consists of the condyle [capitulum mandibuls] and the 
narrowed portion by which it is supported, the neck. The condyle is oval in 
shape, with its long axis transverse to the upper border of the ramus, but oblique 
with r^ard to the median axis of the skull, so that the lateral extremity, which 
presents the condylar tubercle for the temporo-mandibular ligament of the 
temporo-mandibular articulation, is a little more forward than the medial ex- 
tremity. The convex surface of the condyle is covered with cartilage in the recent 



Fia. 121. — The Manddlb. (Medial 




state, and rests in the mandibular fossa; the neck is flattened from before back- 
ward, and presents, in front, a depression [fovea pterygoidea] for the insertion 
of the external pterygoid muscle. 

The coronoid process, flattened and triangular, is continued upward from the 
anterior part of the ramus. The lateral surface is smooth and gives insertion 
to the tem-poTol and masseter muscles; the medial surface is marked by a ridge 
which descends from the tip and becomes continuous with the posterior part of 
the mylo-hyoid line. On the medial surface, as well as on the tip of the coronoid 




process, the temporal muscle is inserted. The mandibular notch, the deep semi- 
lunar excavation separating the coronoid from the condylar process, is crossed 
by the masseteric nerve and vessels. 

Blood-Bup^lr- — Compared with other bonea, the superficial parts of the mandible are not 
BO freely supphe<l with blood. The ohief artery is the inferior alveolar which runs in the man- 
dibular canal, and hence, as the bone is expoaod to injury and sometimes actually laid bare in 
ita Alveolar portion, it often necroses, especially if the artery is involved at the same time. 
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' OsBlflcatioii. — The mandible is mainly formed by ossification in the fibrous tissue investing 
the cartilage of the first branchial arch or Meckel's cartil^e, although a. small portion of the 
cartilage itself is directly converted into bone. 

It IB now generally admitted that the lower jaw is developed in membrane as a sinsle skel- 
etal element. The centre of ossification appears in the outer aspect of Meckel's cartilage and 
gives rise to the bony plate known as the denlary. This plate extends forward right up to the 
middle line in front, and from it a shelf grows upward for the support of the tooth germs. 



Fia. 123. — Tbe MAKnmLE at Birth. 




Meckel's cartilage lies below and medial to the dcntary plate, and the inferior alveoUr nerve 
passes forward between the two structures. Meckel's cartilage itself takes some small part in 
the formation of the lower jaw. Ossification from the primary nucleus invades the eartiUge 
at & point opposite the interval between the first and second tooth germs, and the reaulting 
bone oontributes to the formation of the alveolar margin opposite these two teeth. Bdund 
this point the cartilage atrophies except in so far as it helps to form the ^heno-mandibular 
ligament and the malleus and incus. Behind the symphvais the anterior extr«mity of the 
cartilage does not enter into the formation of the jaw, but it usually persists throughout fatal 




life as one or two small, rounded, cartilaginous masses. Occasionally they become oesiGed 
and give rise to accessory ossicles in this situation. The lamella of bone situated on the medial 
side of Meckel's cartilage, corresponding to the distinct splenial element in some ■nirrmj.i^ oHms 
■ ^ extension from the dentary element. 



lower jaw. They are ossified by an extension from the surrounding membrane bone. 
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The process of ossification of the lower jaw commences very early^ between the sixth and 
eighth week, and proceeds rapidly, so that by the fourth month the various parts are formed. 

Age-changes. — At birth the mandible is represented by two nearly horizontal troughs of 
bone, lodging unerUpted teeth, and joined at the symphysis by fibrous tissue. The body 
is mainly alveolar, the basal part being but little developed; the condyle and the upper edge 
of the symphysis are nearly on a level; the mental foramen is nearer the lower than the upper 
margin, and the angle is about 175**. The inferior alveolar nerve lies in a shallow groove 
between the splenial and dentary plates. 

During the first year osseous union of the two halves takes place from below upward but 
is not complete until the second year. After the first dentition, the ramus forms with the body 
of the mandible an angle of about 140**, and the mental foramen is situated midway between 
the upper and lower borders of the bone opposite the second milk-molar. In the adult, the 
aiigle formed by the ramus and body is nearer to a right angle, and the mental foramen is oppo- 
site the second bicuspid, so that its relative position remains unaltered after the first dentition. 
In old age. after the fall of the teeth, the alveolar margin is absorbed, the angle formed by the 
ramus ana body is again increased, and the mental foramen approaches the alveolar margin. 
In a young and vigorous adult the mandible is, with the exception of the petrous portion of the 
temporal, the densest bone in the skeleton; in old age it becomes exceedingly porous, and often 
so soft that it may easily be broken. 

THE HYOID BONE 

The hyoid bone [os hyoideum] or os linguae (fig. 125), situated in the anterior 
part of the neck between the chin and the thyreoid cartilage, supports the tongue 
and gives attachment to numerous muscles. It is suspended from the lower 
extremities of the styloid processes of the temporal bones by two slender bands 
known as the stylo-hyoid ligaments, and is divisible into a body and two pairs of 
processes, the greater and lesser comua. 

The body, constituting the central portion of the bone, is transversely placed 
and quadrilateral in form. It is compressed from before backward and lies 
obliquely so that the anterior surface looks upward and forward and the posterior 
surface in the opposite direction. 

The anterior surface is convex and divided by a horizontal ridge into a superior 
and an inferior portion. Frequently it also presents a vertical ridge crossing the 
former at right angles, and just above the point 6f intersection is the glosso-hyal 

Fig. 125. — The Hyoid Bone. A, Male, B, Female (Natural Size) 
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process, the vestige of a well-developed process in this situation in the hyoid 
bone of some of the lower animals (reptiles and the horse). In this way four 
spaces or depressions for muscular attachments are marked off, two on either 
side of the middle line. The posterior surface is deeply concave and separated 
from the epiglottis by the thyreo-hj^oid membrane, and by some loose areolar 
tissue. The membrane passes upward from the thyreoid cartilage to be attached 
to the superior border, and interposed between it and the concavity on the 
back of the body is a small synovial bursa. The inferior border, thicker than 
the upper, gives insertion to muscles. The lateral borders are partly in relation 
with the greater cornua, with which they are connected, up to middle life, by 
synchondrosis, but after this period, usually by bone. 
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The greater comua projects upward and backward from the sides of the body. 
They are flattened from above downward, thicker near their origin, and terminate 
posteriorly in a rounded tubercle to which the thyreo-hyoid ligament is attached. 

The lesser comua are small conical processes projecting upward and back- 
ward opposite the lines of junction between the body and the greater comua, 
and by their apices give attachment to the stylo-hyoid ligaments; they are 
connected to the body by fibrous tissue. Professor Parsons has shown that a 
joint with a synovial cavity is common between the smaller and geater comua. 
The lesser cornua are sometimes partly or even completely cartilaginous in the 
adult. 



Fig. 126. — Hygid Bone Enlabqed to show Muscular Attachments. (After 

F. G. Parsons.) 
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The muscles attached to each half of the hyoid bone may be enumerated as follows: — 

Body Genio-hyoid, genio-glossus, mylo-hyoid, sterno-hyoid, omo-hyoid, stylo- 
hyoid, thyreo-hyoid and hyo-glossus. 

Greater cornu Thyreo-nyoid, middle constrictor, hyo-glossus, and digastric. 

Lesser cornu Chondro-glossus, and middle constrictor. 

Ossification. — In the early months of intra-uterine life the hyoid bone is composed of 
hyaline cartilage and is directly continuous with the styloid processes of the temporal bones. 
Ossification takes place from six centres, of which two appear in the central piece of cartilage, 
one on either side of the middle line, either just before or just after birth; soon after their 
appearance, however, they coalesce to form the body of the bone (basi-hyal). The centre for 
each of the greater cornua (thyreo-hyals) appears just about the time of birtlL and for each 
of the lesser cornua (cerato-hyals) some years after birth, even as late as puoerty. (F. G. 
Parsons.) The greater cornua and the body unite in middle life; the lesser cornua rarely anky- 
lose with the body and only in advanced age. Professor Parsons has shown, however, that the 
lesser cornua more frequently unite with the greater cornua. 



THE SKULL AS A WHOLE 

The skull, formed by the union of the cranial and facial bones already de- 
scribed, may now be considered as a whole. Taking a general view, it is spheroidal 
in shape, smooth above, compressed from side to side, flattened and uneven 
below, and divisible into six regions : a superior region or vertex, a posterior or 
occipital region, an anterior or frontal region, an inferior region or base, and two 
lateral regions. 

(1) The Superior Region 

Viewed from above {norma veriicalis) the skull presents an oval outline with 
the broader end behind, and includes the frontal, parietals, and the inteqmrietal 
portion of the occipital. In a skull of average width the zygomatic arches are 
visible, but in very broad skulls they are obscured. 



THE SKULL AS A WHOLE 101 

The sutures of the vertex are: — 

The metopic, which is, in most skulls, merely a median fissure in the frontal bone just 
above the glabella; occasionally it involves the whole length of the bone. It is due to the 
persistence of the fissure normally separating the two halves of the bone in the infant. 

The sagittal is situated between the two parietals, and extends from the bregma to the 
lambda. 

The coronal lies between the frontal and parietals, and extends from pterion to pterion. 

The lambdoid is formed by the parietals and interparietal portion of the occipital. It 
extends from asterion to asterion. 

The occipital suture is only present when the interparietal exists as a separate element 
(figs. 70 and 71). 

The more important points are: — 

The Ivegma, which indicates the situation of the frontal (greater) fontanclle, and marks 
the confluence of the coronal, the sagittal, and, when present, the metopic sutures. 

The lambda, where the sagittal enters the lambdoid suture; it marks the situation of the 
occipital (lesser) fontanelle. 

The obelion, a little anterior to the lambda, is usually indicated by a median or two lateral 
foramina. 

(2) The Posterior Region 

Viewed from behind (norma occipitalis) the skull is somewhat pentagonal in 
form. Of the five angles, the superior or median is situated in the line of the 
sagittal suture; the two upper lateral angles coincide with the parietal eminences 
and the two lower with the mastoid processes of the temporal bones. Of the 
sides, four are somewhat rounded, and one, forming the basal line, running 
between the mastoid processes, is flattened. 

The centre is occupied by the lambda, and radiating from this point are three sutures, 
the sagittal, and the two parts of the lambdoid. Each half of the lambdoid suture bifurcates 
at the mastoid portion of the temporal bone, the two divisions constituting the parieto-mastoid 
and occipito-mastoid sutures; the point of bifurcation is known as the asterion. 

In the lower part of the view is seen the external occipital protuberance (inion), the occipital 
crest, and the three pairs of nuchal lines, which give it a rough and uneven appearance. The 
occipital point is the point of the occiput furthest from the glabella in the median plane. It 
is situated above the external occipital protuberance. 

(3) The Lateral Region 

The lateral region (norma lateralis) (fig. 127) is somewhat triangular in shape, 
being bounded above by a line extending from the zygomatic process of the 
frontal, along the temporal line to the lateral extremity of the superior nuchal line 
of the occipital bone; this forms the base of the triangle. The two sides are 
represented by lines drawn from the extremities of the base to the angle of the 
jaw. It is divisible into two portions, one in front, the other behind, the emi- 
nentia articularis [tuberculum articulare]. The posterior portion presents, in a 
horizontal line from behind forward, the mastoid portion of the temporal, with 
its process and foramen, the external auditory meatus, the centre of which is 
known as the auricular point, the mandibular fossa, and the condyle of the mandible. 

In the anterior portion are three fossa), (a) temporal, (b) infratemporal, (c) 
pterygo-palatine (spheno-maxillary), and two fissures, the inferior orbital (spheno- 
maxillary) and pterygo-palatine. 

(a) The temporal fossa^ somewhat semilunar in shape, is bounded above and behind by the 
temporal line, in front by tne frontal, zygomatic, and great wing of sphenoid, and laterally by 
the zygomatic arch, by which it is separated superficially from the infratemporal fossa; more 
deeply the infratemporal ridge separates the two fossse. 

The fossa is formed by parts of five bones, the zygomatic, temporal, parietal, frontal, 
great wing of sphenoid, and is traversed by six sutures, coronal, spheno-zygomatic, spheno- 
8<|uamosal, spheno-parietal, squamosal, and spheno-frontal. The point where the temporal 
ridge is crossed by the coronal suture is the stephanion, and the region where the frontal, 
sphenoid, temporal, and parietal meet is the pterion. The latter is frequently occupied in the 
adult by the epipteric bone. 

The temporal fossa is concave in front, convex behind, filled by the temporal muscle, and 
roofed in by a strong gUstening aponeurosis, the temporal fascia, which serves to bind down 
the miiscle. 

(b) The ii^atemporal fossa (zygomatic fossa), irregular in shape, is situated below and 
to the medial side of tne zygoma, covered in part by the ramus of the mandible. It is bounded 
in front by the lower part of the medial surface of the zygomatic, and by the infratemporal 
surface of the maxilla, on which are seen the orifices of the posterior superior alveolar canals; 
behind by the posterior border of the lateral pterygoid plate, the spine of the sphenoid, and the 
articular tubercle; above by the infratemporal ridge, a small -part of the squamous portion of 



102 THE SKELETON 

the temporal, the great v 



the akull. It contaiiia the lower part of the temporal muacle and the coronoid process of the 
mandible, the external and internal pterygoids, the internal maxillary vessels, and tnemandibuUi 
division of the fifth nerve with numeroUB branches. At its upper and medial part are aeen the 
inferior orbital and ptery go-palatine fissures. 

The inferior orbital (or spheno-maxillary) fissure is horizontal in position, and lies between 
the maxilla and the Rreat wing of the sphenoid; laterally it is usually completed by the sygo- 
matic, thouEh in some cases the sphenoid joins the maxilla, and in this way excludea the lygo- 
matic bone from the fissure; medially it is terminated by the infratemporal surface of the orbital 
procees of the palate bone. Through this fissure the orbit communicates with the pterygo- 
palatine (spheno-maxillary), infratemporal, and temporal fossce. It transmits the infra- 
orbital nerve and vessel^ the lygomatic nerve, ascending branches from the qiheDO-palatine 
ganglion to the orbit, and a communicating vein from the ophthalmic to the pterygoid plexus. 
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The pterygo-palatine (ptorygo-maxitlary) fissure forms a right angle with the inferior 
orbital fissure and is situated between the maxilla and the anterior border of the pterygoid 

C'ocess of the sphenoid. At its lower angle, where the two lips of the liBBure approximate, the 
teral pterygoid plate occasionally articulates with the maxilla, but they are usually separated 
by^a thjn portion of the pyramidal process of the palate. The ptcryKO-palatine fissure, which 
serves to connect the infratemporal fossa with the ptery go-palatine fossa, is bounded medially 
by the perpendicular part of the palate; it transraita branches of the internal maxillary artery, 
and the corresponding veins, to and from the ptery go-palatine fossa. 

(c) The pteryf^o -palatine (spheno-maxillary) fossa is a small space^ of the form of 
an inverted pyramid, situated at the angle of junction of the inferior orbital (spheno-maxil- 
lary) with the ptery go-palatine (ptery go- maxillary) fissure, below the apex of the orbit. It is 
bounded in /roiif by the infratemporal surface of the maxilia; hfhind, by the base of the ptervKoid 

Eroce«s and the lower part of the anterior surface of the great winfc of the sphenoid; nuedially 
y the perpendicular part of the palate with its orbital and sphenoidal processes; abate by the 
lower surface of the body of the sphenoid. Three fissures terminate in it — vii., the Biqierior 
orbital, pterygo-pa latino, and inferior orbital; through the superior orbital fissure it cominuiu- 



cates with the cranium, through the ptery go-palatine fissure with the infratemporal foasa, 
through the inferior orbital fissure with the orbit, and through the spheno-palstine foramen 
on the medial wall it communicates with the upper and back part of the nasal fr~" '~ 
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eluding the spheno-palatine foramen six foramina open into the fosaa. Of these, three are on 
the poaterior wall: enumerated from without inwara, and from above downward, they are the 
foruoen rottmdumj the pterygoid (Tidiaa) canal, and the pharyngeal (pt«ry go-palatine) 
caiuL The apex of the pyramid leada below into the ptery go -palatine canal and the accessory 
Mlatllie caiulH which branch from it; and anteriorly is the orifice of tbe infra-orbital canal. 
The fossa contains the apheno-palatine ganglion, the maxillary nerve, and the terminal part of 
the internal maxillary artery, and the various foramina and canals in relation with the fossa 
sarve for the transmission of the numerous branches which these vessels and nerves give off. 
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(4) Inferior Region or External Base of Skull 

The external base of the skull {norma basilaris) (figs. 130, 131) extends from 
the incisor teeth to the occipital protuberance, and is bounded on each side by 
the alveolar arch, the zygomatic, the zygoma, the temporal, and the superior 
nuchal line of the occipital bone. It is very uneven and, excluding the lower 
jaw, divisible into three portions: (a) anterior, (b) middle or subcranial, and (c) 
posterior or suboccipital. 

Fig. 129. — Hard Palate of a Child Five Yeabs Old. 



(a) The anterior division consists of the hard palate, the alveolar arch, and 
the choanffi (posterior nares). 

When the skull is inverted, the hard palate stands at a higher level than the 
rest, and is bounded anteriorly and laterally by the alveolar ri^es containing the 
teeth. The bones appearing in the intermediate space Eire the premaxillary and 
palatine portions of the maxillEe and the horizontal parts of the palate bones. 
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They are rough for the attachment of the muco-perioateum, and near the posterior 
margin is the ridge for the fibrous expansion of the tensor veU palatini. The fol- 
lowing points are readily recognised (fig. 129) : — 

The meso-paUtine suture commences at the atveoUr point, traversea the incisive fossa, and 
terminates at tne posterior nasal spine. 

The transverse palatine suture, between the palate bones and palatine proceasea of the 
maidlbe. 

In young akuUs the inciaive sutures, and behind the incisor teeth four small openings 
known as the gubernacular canals (see figs. 114 and 129). 

The incisive foasa containing the termination of four canals: two small orifices, forunina of 
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Scarpa, situated one behind the other in the meso-palatinc suture; and two larger openings, 
the foramina of Stenson. The foramina of l^carpa transmit the naso-palatine nerves, and those 
of Stenson are in relation (embryonic) with the organs of Jacobson. 

At the posterior angles of the hard palate are the greater palatine fonunina, through which 
the descending palatine votspls and the anterior palatine nerves emerge on to the palate; & thin 
lip of bone separates them from the lesser palatine foramen in the tuberosity of the palate bone 
on each side, for the posterior palatine nerve. 

The ha m ula r process of the mediaJ pterygoid plate is the most posterior limit of the hard 

At the posterior extremity of each alveolar ridge is the tuberositj of the maxilla, and between 
it and the palate bone is a foramen (variable in size and sometimes absent), the middle palatine 
foramen, for the middle palatine nerve. This foramen is often included under the leaser pala- 
tine foramina (BNA). 
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Behind the hard palate ore the choans (jioaterior nares), separated from each other by the 
vomer. Each is bounded laterally by the medial pterygoid plate; below by the borisontal 
plate of the palate bone^ above by the under surface of the body of the sphenoid, with the ata 
of the vomer and a portion of the sphenoidal process of the palate bone. 

Lateral to the choacue there is on each side a vertical fossa lying between the pterygoid 
platM. It extends upward to the under surface of the great wines of the BpheDoid; it is com- 
pleted anteriorly by the ooaleecence of the pterygoid plates and below by the pyramidal process 
of the palate bone. It oontains the following pointa of interest: — 

An elonj^ted furrow, the scaphoid fossa, for the tentor veli palatini muscle and the carti- 
lage of the Eustachian tube. 

The general cavity of the pterygoid fossa which lodges the tentor veli palatini and internal 
pterygoid muscles. 



Fia. 133. — The Skull. (Norma facialis.) 




If a line be drawn across the base of the skull from one preglenoid tubercle to 
the other, it will fall immediately behind the lateral pteryeoid plate and bisect 
the foramen spinosum on each side. A second transverse line, drawn across the 
opisthion or posterior margin of the foramen magnum, will fall behind the 
mastoid processes. The space between these arbitrary linos may be called the 
avbcranial region; that behind the second line, the suboccipital region. 

(b) The Bubcranial region is separated from the infratemporal fossa by a line 
drawn from the posterior margin of the lateral pter>'goid plate to the spine of the 
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sphenoid. It is fonned by the inferior surface of the basilar process of the 
occipital and the body of the sphenoid, the petrous portion of the temporal bone, 
a small piece of the squamosal portion, the posterior part of the great wing of the 
sphenoid, and the condylar portions of the occipital bone. It presents the 
following points for examination (Figs. 95, 131): — 

The pharyngeal tubercle. 

The foramen magnum and the occipital condyles. The most anterior point of the foramen 
is termed the basion, and the most posterior point the opisthion. 

On each side will be seen: — The hypoglossal foramen for the hypoglossal nerve and a men- 
ingeal branch of the ascending pharyngeal artery. 

The condylar fossa with the condylar foramen (this foramen is not constant). 

The under aspect of the jugular process, from which the rectu9 capitis lateralis takes origin. 

The foramen lacerum and the orifice ot the pterygoid (Vidian) canal. 

The canalis musculo-tubarius for the tensor tympani muscle and Eustachian tube. 

The carotid canal. 

The quadrilateral area for the origin of the levator veli palcUini and tensor tympani muscles. 

The canaliculus cochleae, or duptus perilymphaticus. 

The ju^^ular foramen and fossa for the glosso-pharyngeal, vagus, and spinal acces8(»y 
nerves, the mternal jugular vein, and a meningeal branch of the ascending pharyngeal art^y. 

The tympanic canaliculus for Jacobson's nervo (tympanic branch of glossopharyngeal). 

The spine of the sphenoid; this is sometimes fifteen millimetres in length. 

The mandibular fossa with the petro-t3rmpanic fissure. This lodges the anterior process 
of the malleus the tympanic twig of the internal maxillary artery. A small passage beside 
it, the canal of Hugmer, conducts the chorda tympani nerve from the tympanum. 

The external auditory meatus. 

The auricular or tympano-mastoid fissure. 

The tympanic plate and vaginal process. 

The styloid process. 

The stylo-mastoid foramen for the stylo-mastoid artery and the exit of the facial nerve 
and, in some cases, the auricular branch of the vagus. 

The mastoid process with the digastric and occipital grooves. 

(c) The suboccipital region is largely formed by the tabular portion of the 
occipital bone with its ridges and areas for muscular attachment. Laterally a 
small part of the mastoid portion of the temporal is seen, pierced by a small 
foramen, of variable size, the mastoid foramen, which transmits a vein from the 
transverse (lateral) sinus and a meningeal branch of the occipital artery. 

(5) The Anterior Region 

The anterior region {norma facialis) (figs. 132, 133) comprises the anterior 
end of the cranium or forehead, and the skeleton of the face; also the cavities 
known as the orbits, formed by the junction of the two parts of this region, and 
the nasal fossse, situated on either side of the septum of the nose. 

The upper part or forehead, narrowest between the temporal crests about 
half an inch above the zygomatic processes of the frontal, presents at this level 
the two transverse sulci; above are the frontal eminences, below the superciliary 
arches, and still lower the supra-orbital margins, interrupted near their medial 
ends by the supra-orbital notches. 

Below the forehead are the openings of the orbits, bounded laterally by the 
zygomatic bones constituting the prominences of the cheeks, and between them 
the bridge of the nose, formed by the nasal bones and the frontal processes of the 
maxillae. Below the nasal bones is the apertura piriformis or anterior nasal 
aperture, leading into the nasal fossae. The teeth form a conspicuous feature 
in this view of the skull, the outline of which is completed below by the mandible. 

The bones entering into formation of the norma facialis are: — the frontal, nasals, lacrimals, 
orbital surfaces of the small and the great wings, and a portion of the body of the sphenoid, 
the laminae papyracea) of the ethmoids, the orbital processes of the palate bones, the zygomatics, 
maxillffi, inferior nasal concha, and the mandible. 

The sutures are numerous, and for the most part unimportant: — 

The transverse suture (fig. 133) extends from one zygomatic process of the frontal to the 
other. The upper part of the suture is formed by the frontal bone; below are the zygomatic, 
great and small wings of the sphenoid, lamina papvracea, lacrimal, maxillarv. and nasal bones. 
A portion of this complex suture, lying between tnc sphenoidal and frontal bones, appears in 
the anterior cranial fossa. 

Other fissures are the internasal, naso-maxillary, inter-inaxillary and zygomatico-maxillary. 
The small sutures seen in the orbit are described with that cavity. 

The foramina are: — the supra-orbital, infra-orbital, optic, zygomatico-facial, and mental; 
the naso-lacrimal canal; the ethmoidal canals; and the inferior and superior orbital fissures. 
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The following points may also be noticed: — 

The gl&bella, a smooth space between the converging superciliary arches. 
The ophiyon, the moat anterior point o[ the metopic suture. 
The nasion, the middle of the naso-frontal suture. 

The BttbiuM] point, the middle of the inferior border of the pyriform aperture at the base 
of the nasal spine. 

The alveolar point, the centre of the anterior margin of the upper alveolar arch. 

THE ORBITS 

The orbits [orbitse] (fig, 134) are two cavities of pyramidal shape, with their 
bases directed forward and laterally and their apices backward and medially; 
their medial walls are nearly parallel, but their lateral walls diverge so as to be 
nearly at right angles to each other. Each cavity forms a socket for the eyeball 
and the muscles, nerves, and vessels associated with it. 

Seven bones enter into formation of its walls, viz., the frontal, zygomatic, 
sphenoid, ethmoid, lacrimal, palate, and maxilla; but as three of these — the 
frontal, sphenoid, and ethmoid — are single median bones which form parts of 
each cavity, there are only eleven bones represented in the two orbits. Each 
orbit presents for examination four walls, a circumference or base, and an apex. 



ledial angle a depressioi 



FiQ. 134.— Tbe Mesial Wall 




The inferiw wall or Boor is directed upward and laterally and is not ho largo as the roof. 
It is formed by the orbital plate of the maxilla, the orbital process of the tygomatic, and the 
orbital proceea of the palate bone. At its medial angle it presents the □aso-lacrimal canal, and 
near this, a depression for the origin of the inferior oblique muscle. It is marked near the middle 
by a furrow for the infra-orbital artery and the second division of the fifth nerve, terminating 
Ulteriorly in the infra-orbital canal, through which the nerve and artery emerge on the face. 
Near the commencement of the canal a narrow passage, the anterior alveolar canal, runs for- 
ward and downward in the anterior wall of the antrum, transmitting nerves and vessels to the 
ine teeth. 



The lateral wall, directed forward and medially, is formed by the orbital surface of the 
great wing of the sphenoid, and the zygomatic. Between it and the roof, near the apex, is the 
■nperior orbital (s^lieaoidal) Sasure, by means of which tbe third, fourth, ophthalmic division 
of the fifth, and sixth nerves enter the orbit from the cranial cavity; it also transmits some 
filaments from the cavernous plexus of the sympathetic, the orbital branch of the middle men- 
ingeal artery, recurrent brancnes of the lacrimal artery, and an ophthalmic vein. The lower 
margin of the fissure presents near the middle a small tubercle, from which the inferior head of 
the Xaleral reciua muscie arises. Between the lateral wall and the floor, near (he apex, ia the 
inferior orbital (spheno-m axillary) fissure, through which the second division of the fifth and 
the infra-orbital veeselB pass from the ptcrvKo-palatine fossa to enter the infra-orbital groove. 
At the antcriM' margin of the fissure the sphenoid occasionally articulates with the maxilla, but 
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the two aje usu&Uy separated by the orbital plate of the cyKomatic, and on the Utter are seen 
the orifices of the lygomatico-temporal and sygomatico-faciaL canals, which traverse the 
lygomatic bone. The commencement of the zygomatico-temporal canal is sometimes seen in 
the apheno-iygomatic suture connecting the sphenoid and zysomatic bones. 

The medul wall, narrow and nearly vertical, is formed from before backward by the 
froDtal process of the maxilla, the lacrimal, the lamina papyracea of the ethmoid, and the 
body of the sphenoid. At the iuncCion of the medial wall with the roof, and in the suture 
between the ethmoid and frontaX are seen the orifices of the ■aterior and posterior ethmoidal 
canals, the anterior, transmitting the anterior ethmoidal vessels and nerve; and the posterior. 
the posterior vessels and nerve. Anteriorly is the lacrunal ^oove for the lacrimal sac. and 
behind this the lacrimal crest, from which the tensor tarsi arises. The medial wall, which is 
the smallest of the four, is traversed by three vertical sutures: — one between the frontal process 
of the maxilla and the lacrimal, a aecood between lacrimal and lamina papyracea, and a third 
between the lamina papyracea and the sphenoid. Occasionaltv the qiheaoidal concha appears 
in the orbit between the ethmoid and the body of the spheooia. 

The apex of each orbit corresponds to the optic foramen, a circular orifice which transmits 
the optic nerve and ophthalmic axterv. The hase or circumference is quadrilateral in form 
and is bounded by the frontal bone aoove, the frontal process of the maxilla and the medial 
angular process of the frontal on the medial side, the sygomalic bone and the sygomatic process 
of the frontal on the lateral side, and by the zygomatic and the body of the maxilla below. 
The following points may also be noted: — The suture between the lygomatic process of the 
frontal bone and the zygomatic; the supra-orbital notch (sometimes a complete foramen); 
the suture between the frontal bone and the frontal process of the maxilla; and in the lower 
B^ment, the zygomatico-m axillary suture. 

The orbit communicates with the cranial cavity by the optic foramen and superior orbital 
fissure; with the nasal fossa, by means of the naso-lacrimal canal; with the zygomatic and 
ptery so-palatine fosate, by the inferior orbital Ensure. In addition to these large openings, the 
orbit has five other foramina — the infra-orbital, zygomatico-orbital, and the anterior and 
posterior ethmoidal canals — opening into it or leading from it. 

The following muscles arise within the orbit: — the /our recti, the superior oblique, and 
levalor paipebm aupenoris, near the apex; the inferior oblique on the floor of the orbit lateral 
to the naso-lacrimal canal; and the tenaor tar»i from the lacrimal crest. The margins of the 
inferior orbital Gaaure give attachment lo the orbitaiis muscle. 

THE NASAL FOSS^ 

The nasal fossee (figs. 135, 136) are two irregular cavities situated on eact 
side of a median vertical septum. They open in front by the piriform aperture 
and communicate behind with the pharynx by the choanfe. They are somewhat 

Fio. 135. — Secttion 
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oblong in transverse section, and extend vertically from the anterior part of the 
base of the cranium above to the superior surface of the hard palate below. 
Their transverse extent is very limited, especially in the upper part. Each fossa 
presents for examination a roof, floor, medial and lateral walls, and communicates 
with the sinuses of the frontal, sphenoid, maxilla, and ethmoid bones. 
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The roof ib horisontal in the middle, but sloped downw&rd in front and behind. The 
aDtcrior slope is formed by the posterior surface of the nasal boae and the n&Bal process of the 
frontal; the horiiontal portion correaponds to the cribriform plate of the ethmoid and the spfae- 
noidal concha; the posterior slope is formed by the inferior surface of the body of the spbeDoid, 
the ala of the vomer, and a. small portion of the nihenoidal process of the palate. The sphe- 
noidal sinuB opens at the upper and back part ol the roof into the spheno-ethmoidal recces, 
above the superior meatus. 

The floor is concave from side to side, and in the transverse diameto' wider than the roof. 
It IB formed mainly bv the palatine procees of the maxilla and completed posteriorly by the hori- 
■ontal part of the palate bone. Near its anterior extremity, cloee to the septum, is tne incisive 
canal. 

The septtun or medial wall is formed by the perpendicular plate of the ethmoid, the vomer, 
the rostrum of the sphenoid, the crest of the nasal bones, the frontal spine, and the median 
crest formed bv the apposition of the palatine procesBes of the maxilUe and the horiiontal 
parts ol the palate iKtnee. The anterior border has a triangular outline limited above by the 
perpendicular plate of the ethmoid and below by the vomer, and in the recent state the defi- 
ciency is filled up by the septal cartilage of the nose. The posterior border is (ormed by the 
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pharyngeal edge of the vomer, which separates the two choanic. The septum, which is usually 
deflected from the middle line to one side or the other, is occaaionally perforated, and in some 
cases a strip of cartilage, continuous with the triangular cartilage, extends backward between 
the vomer and perpendicular plate of the ethmoid {potlerior or tphmaidat ■proixn). 

The latMal waU is the most extensive and the most complicated on account of the forma- 
tion of the meatuses of the uose. It is formed by the frontal process and the medial surface of 
the maxilla, the lacrimal, the superior and inferior concbs of the ethmoid, the inferior nasal 
concha, the vertical part of the palate bone, and the medial surface of the medial pterygoid 
plate. The three conctue, which project m^ially, overhang the three recesses known as the 
meatuses of the nose. The superior meatus, the shortest of the three, is situated between the 
superior and middle nasal conchce, and into it open the orifice of the posterior ethmoidal cells 
and the apheno -palatine foramen. The middle meatus lies between the middle and iaferior 
eonchs. At ita fore part it communicates with the frontal sinus by means of the infundibulum, 
and near the middle with the maxillary sinus (antrum) ; the communication with the sinus is 
very irregular and sometimes represented by more than one opening (fig. 136). Two sets of 
Athmoidal cells — the middle and anterior — aiao open into the middle meatus, the anterior in 
common with the infundibulum, the middle on an elevation known as the bulla ethmoidalis. 
The inferior meatus, lonaer than either of the preceding, is situated between the inferior nasal 
concha and the floor of tne fossa, and presents, near the anterior part, the lower orifice of the 
canal for the oaso -lacrimal duct. 
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The iumI fonm open on the f&oe by meonB of the apertnra plrifonnla, a heart-ohaped or 

Eiriform openinK whose long aiia in vertical aad whose broad end ia below. The orifice ia 
ounded abovB By the lower borders of the nasal bones, laterally by the maxUlat, inferioriy 
by the premaxUlary portions of the maxillEe, and in the recent state the orifice is divided by tu 
septal cartilage. Below, where the lateral margins slope inward to meet in the middle line, 
is the anterior nasal spine. 
The cboane (poatwior 

nOldal processes of the palni.(j, luiu i<iio luitu-mi- suiiauD ui i.uo umij ui bug aijupuuiui tBiiqraujr 

by the lateral pterygoid plates; and inferiorly by the posterior edge of the horiiontal platee of 

the palate bones. Tfaey are separated from each other by the posterior border of the vomer. 

The nasal fossfe communicate with all the more important iosseb and the air-mDuees of tht 

dcull. By means of the foramina in the roof they are in connection with the oranial cavity; 

FiQ. 137. — The Cboasjb. Veiwed from behind. 
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by the infundibulum each fossa ia in communication with the frontal and antenor ethmoidal 
cells; the posterior ethmoidal cells open into the superior meatuses and the sphenoidal sinuses 
into the recesses above; the apheno-polatine foramina connect them with the pter^KO-paUtine 
fossae, and by means of an irregular orifice in each lateral wall thev communicate with tne max- 
illary sinuses. The canals for thenaso-lacrimal ducts connect them with the orbits,!and the 
inoisive canals with the oral cavity. 

THE INTERIOR OF THE SKULL 

Id order to study the interior of the skull it is necessary to make sections in 
three directions— sagittal, coronal, and horizontal. This enables the student to 
examine the various points with facility, and displays the great proportion the 
brain cavity bears to the rest of the skull. The sagittal section (fig. 138) should 
be made slightly to one side of the median line, in order to preserve the nasal 
septum. The black line (fig. 138) drawn from the basion (anterior margin of 
the foramen magnum) to the gonion (the anterior extremity of the sphenoid) 
represents the basi-crauial axis ; whilst the line drawn from the gooion to the 
subnasal point lies in the basi-facial axis. These two axes form an angle termed 
the cranio-factal, which is useful in making comparative measurements of crania. 
A line prolonged vertically upward from the basion will strike the bregma. This 
is the basi-bregmatic axis, and gives the greatest height of the cranial cavity, 
A line drawn from the ophiyon to the occipital point indicates the greatest length 
of the cranium. 

Near its middle, the cranial cavity is encroached upon by the petrous portion 
of the temporal bone on each side; the walls are channelled vertically by narrow 
grooves for the middle and small meningeal vessels, and toward the base and at 
the vertex are broader furrows for the venous sinuses. 

The coronal section is most instructive when made in the basi-bregmatic 
axis. The section wdl pass through the petrous poitioo on each side in 8uch a 
way as to traverse the external auditory passage and expose the tympanum and 
vestibule, and will also partially traverse the internal auditory meatus. Such 
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a section will divide the parietal bones slightly posterior to the parietal eminences, 
and a line drawn transversely across the section at the mid-point will give the 
greatest transverse measurement of the cranial cavity. A skull divided in this 
way facilitates the examination of the parts about the choanse (posterior nares). 

The horizontal section (Qgs. 139, HO) of the skull should be made through a 
Udc extending from the ophryon to the occipital point, passing laterally a few 
millimetres above the pterion on each side. It is oi great advantage to study the 
various parts on the floor of the cranial cavity in a second skull in which the dura 
mater and its various processes have not been removed. 

The floor [basis cranii interna] of the cranial cavity presents three irregular 
depressions termed the anterior, middle, and posterior fossse (&gs. 139 and 140). 

The Anterior Cranial Fossa. — The floor of this fossa is on a higher level 
than the rest of the cranial floor. It is formed by the horizontal plate of the 
frontal bone, the cribriform plate of the ethmoid, and the lesser wings of the 

Fia. 138. — The Skull in Saoittal Section. 




sphenoid, which meet and exclude the body of the sphenoid from the anterior 
fossa. The free margins of the lesser wings and the anterior margin of the optic 
groove mark the limits of this fossa posteriorly. The central portion is depressed 
on each side of the crista galli, presents the numerous apertures of the cribriform 
plate, and takes part in the formation of the roof of the nasal fossse; laterally, 
the floor of the anterior cranial fossa is convex; it forms the roof of the orbits, 
and is marked by irregular furrows. It supports the frontal lobes of the cerebrum. 
The sutures traversing the floor of the fossa are the fronto-ethmoidal, forming 
three udes of a rectangle, that portion of the transverse facial suture which tra- 
verses the roof of the orbit, and the ethmo-sphenoidal suture, the centre of which 
corresponds to the gonion. The other points of interest in the fossa are: — 

A groove iot the superior sagittal einua. 

The foramen CKcnm which frequently transmits a siuall vein to the nasal cavitv. 

The crista galli. 

The ethmoidal flssare for the anterior ethmoidaJ branch of the fifth nerve. 

The oranial orifice of the anterior ethmoidal canal, transmit tim( the anterior ethmoidal 
branch of the_ fifth nerve, and a meningeal branch of the anterior I'thmoidal arlerv. 

The cranial orifice of the posterior ethmoidal canal, transmit tiuR a meningeal l>raneh of the 
posterior ethmoidal artery. 

The ethmoidal spine of the sphenoid. 

Furrows for meningeal vessola. 
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The Middle Cranial Fossa, situated on a lower level than the anterior, 
consists of a central and two lateral portions. In front it is limited by the posterior 
borders of the lesser wings of the sphenoid and the anterior margin of the optic 
groove, behind by the dorsum sellae and the upper angle of the petrous portion 
of both temporal bones. Laterally it is bounded on each side by the squamous 
portion of the temporal, the great wing of the sphenoid, and the parietal bone, 
whilst the floor is formed by the body and great wings of the sphenoid and the 
anterior surface of the petrous portion of the temporals. It contains the follow- 
ing sutures: — spheno-parietal, petro-sphenoidal, squamo-sphenoidal, squamous, 
and a part of the transverse suture. The central portion of the fossa presents 
from before backward: 

The optic groove, above and behind which is the optic chiasma. 

The optic foramen on each side, transmitting the optic nerve and ophthalmic artery. 

The tuberculum sellas, indicating the line of junction of pre- and post-sphenoid elements. 

The anterior clinoid processes. 

The fossa hypophyseos or sella turcica, with the middle clinoid processes, and grooves for 
the internal carotid arteries. The dorsum seUse, with the posterior clinoid processes, and 
notches for the sixth pair of cranial nerves. 

The central portion is in direct relation with the parts of the brain within the circle of 
Willis. 

The lateral portions are of considerable depth and marked by numerous elevations and 
depressions corresponding to the convolutions of the temporal lobes of the brain, and by grooves 
for the branches of the middle and small meningeal vessels. The following foramina are seen 
on each side: — 

The superior orbital ^sphenoidal) fissure, leading into the orbit and transmitting the third, 
fourth, three branches ot the ophthalmic division of the fifth and sixth cranial nerves, some 
filaments from the cavernous plexus of the sympathetic, an ophthalmic vein, the orbital branch 
of the middle meningeal, and a recurrent branch of the lacrimal artery. 

The foramen rotundum, for the passage of the second division of the fifth nerve into the 
pterygo-palatine fossa. 

The foramen ovale, which transmits the third division of the fifth nerve with its motor 
root (mandibular nerve), the small meningeal artery, and the small superfici^ petrosal nerve. 

The foramen Vesalii (not always present) for a small vein. 

The foramen spinosum, for the middle meningeal artery and its vense comitantes; also the 
N. spinosus. 

The foramen lacerum is the irregular aperture between the body and great wing of the 
sphenoid, and the apex of the petrous portion of the temporal. In the recent state it is closed 
below by a layer of fibro-cartila2:e which is perforated by the Vidian nerve, a meningeal branch 
of the ascending pharyngeal artery, and an emissary vein. The carotid canal opens on its 
lateral wall and the pterygoid (Vidian) canal in front. 

On the anterior surface of the petrous portion of the temporal bone are seen: — 

A depression which lodges the semilunar (Gasserian) ganglion. 

The hiatus canalis facialis for the great superficial petrosal nerve and the petrosal branch 
of the middle meningeal artery. 

The accessory hiatus for the small superficial petrosal nerve. 

A minute foramen for the external superficial petrosal nerve. 

The emlnentia arcuata. formed by the superior semicircular canal. 

Anterior and slightly lateral to the eminentia arcuata the bone is exceedingly thin and 
translucent, forming the roof of the tympanum (tegmen tympani). When the dura mater is 
in sUUj the depression lodging the semilunar ganglion is converted into a foramen, traversed by 
the fifth nerve, and in the same way the notch on the side of the dorsum sellse is converted into 
a foramen for the sixth nerve. In many skulls the middle clinoid process is prolonged toward 
the anterior clinoid process, with which it may be joined to complete a foramen for the internal 
carotid artery. The grooves for the middle meningeal vessels are sometimes converted into 
canals or tunnels for a short distance, especially in old skulls. The bones most deeply marked 
are the squamous portion of temporal, the great wing of the sphenoid, and the parietal. 

The Posterior Cranial Fossa is the deepest and largest of the series. It is 
bounded in front by the dorsum sellae of the sphenoid and on each side by the 
superior border of the petrosal, and the mastoid portion of the temporal bone, the 
posterior inferior angle of the parietal, and the groove on the occipital bone for 
the transverse sinus; each of the bones mentioned takes part in the formation of 
its floor. 

In the recent state the fossa lodges the cerebellum, pons, and medulla, and is 
roofed in by the tentorium cerebelli, a tent-like process of the dura mater attached 
to the ridges limiting the fossa above. It communicates with the general cranial 
cavity by means of the foramen ovale of Pacchionius, a large opening bounded 
in front by the clivus (basilar groove) and behind by the anterior free edge of the 
tentorium. 



THE MORPHOLOGY OF THE SKULL 117 

The posterior fossa is marked by several sutures, viz., petro-occipital, occipito-mastoid, 
parieto-mastoid. and in yoimg skulls the basilar (occipito-sphenoidal). In addition, the follow- 
ing points may be noted: — 

The cUtus, extending from the dorsum seUse to the anterior mari^in of the foramen magnum, 
and in relation with the basilar artery, the pons, the medulla, the sixth nerves, and the basilar 
sinus. 

The foramen magnum, occupied in the recent state by the lower end of the meduJUa oblon- 
gata and its membranes, the vertebral, anterior spinal and posterior spinal arteries, the accessory 
(eleventh) cranial nerves, and the tectorial membrane. 

The hypoglossal canal (foramen), sometimes divided bv a spicule of bone into two divisions, 
for the two parts of the hypoglossal nerve and a meningeal branch of the ascending pharyngeal 
arteiy. 

The internal occipital crest, behind the foramen magnum, for the attachment of the falx 
cerebelli. It sometimes presents a depression known as the vermiform fossa. 

The internal auditory meatus, for the seventh and eighth cranial nerves, the pars inter- 
media, and the internal auditory vessels. 

The jugular foramen (foramen lacerimi posterius), somewhat pyriform in shape, and divis- 
ible into three compartments. The anterior division, placed somewhat medially, transmits 
the inferior petrosal sinus and is sometimes completely separated by an intra-jugular process of 
bone; the middle division transmits three cranial nerves, the ninth, tenth, and eleventh; and, in 
the posterior division, plac^ somewhat laterally, the transverse sinus becomes continuous with the 
intmial jugular vein. A meningeal branch ot the ascending pharyngeal or 'occipital artery 
enters the cranium through this division of the foramen. 

The termination of the groove for the transverse sinus with the internal orifice of the mas- 
toid foramen. 

The aquasductus vestibuli and the fossa subarcuata, on the posterior surface of the petrous 
portion of the temporal 

The cranium of an average European has a cavacity of 1450 o.o. The circumferencej taken 
in a plane passing through the ophryon in front, the occipital point behind, and the pterion at 
the Bide, is 52 cm. Thelen^(^ from the ophryon to the occipital point is 17 cm., and the width 
between the parietals at the level of the zygomata is 12.5 cm. The proportion of the greatest 
width to the length is known as the cephalic index, i. e., index of breadth. A skull with an aver- 
age cephalic index is mesaiicevhalic. When the index is above the average, it is brachycevhalic 
(Aort and broad), and when below the average, dolichocephalic (long and narrow). The height 
from the basion to the bregma is nearly the same as the width at the level of the zygomata. 
The cranio-facial angle is about 96*^. 
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In man the skull during development passes through three stages. At first the brain vesi- 
cles are enclosed in a sac of indifferent tissue which ultimately becomes tough and fibrous to form 
the membranous cranium. This, in turn, is partly converted into the membrane or roof bones 
of the cranium, whilst the remainder is represented in the adult by the dura mater. At the 
aides and base of the membranous cranium, however, cartilage is deposited, chon(ko -cranium, 
in which, as well as in the membranous tracts, osseous tissue appears in due course. Eventuallv, 
as osseous box is formed, consisting of membrane bones and cartilage bones intricately 
interwoven. 

A study of the skull in the chondral stage is very instructive. It consists of two parts: 
(1) The skull proper and (2) the appendicular elements. 

(1) The skuU proper consists of three regions: — 

(a) The notocnordal region, which ultimately gives rise to the chief parts of the occipital 

bone and a part of the sphenoid. It is named notochordal because the notochord runs 

in it as far as the anterior extremity, i. e.. the level of the fossa hypophyseos (sella turcica.) 

(6) Anterior to the notochordal is the traoecular region, from which the remainder of the 

sphenoid is developed. 

(c) The most anterior part of the prechordal portion of the base is the ethmo -vomerine 

region, from which the nasal septum and its cartilages arise. These tfaj'ee parts continue 

forward the line of the vertebral axis, and constitute a cranio-Jadal axis terminating, in 

front, in the premaxillse. Finally, wedged in on each side, between the notochordal and 

trabecular regions, is the complicated periotic capsule. 

The chondro-cranium at the third month presents the following parts. Seen from above, 

the cartila^^e extends from the cranial base to a spot midway between the base and the vertex, 

shading ofifindefinitely on the membranous wall. The oval masses on each side are the periotic 

cartilages, in which the fossa; subarcuatse are conspicuous objects. Each periotic cartilage is 

joined to the sphenoid by a strip, termed the sphenotic cartilage, which usually persists in the 

adult skull. The cartilage for the orbito-sphenoid (the small wing) is co-extensive with the 

ali-sphenoid, and forms part of the lateral wall of the skull. The snout-like appearance of the 

anterior part of the skull is caused by the fronto-nasal plate. On each side of the ethmo- vomerine 

plate, near its anterior termination, are two small concave pieces of cartilage for Jacobson's 

organs. They are sometimes referred to as the ploughshare cartilages, owing to their shape. 

Further details are given in fig. 141. 

(2) The appendicular elements of the skull are a number of cartilaginous rods surrounding 
the visceral cavity — i. e., nose, mouth, and pharynx — which undergo a remarkable metamor- 
phosis, and are represented in the adult by the ear bones, the styloid process, and the hyoid bone. 
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Fio. 141, — Model op thk Chondro-[;raniuu op a Human F(etus 8 c«. in Lekgtb. 
Cartilafte in Blue. Viewed (rom Above. (After O. Hertwig.) 
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Fia. 142. — Ak Enlasqed Portion of the Samr Model op the Chondro-craniuu as Shown 

IN Fio. 14i. Viewed From the Uioht Side, Showino the Skeleton of the Auditort 

Region. Cartilage in Blue, (After 0. Hertwig.) 
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Metamorphosis of the Branchial or Visceral Bars 

These rods of cartilage are named, f om before backward, the mandibular, hyoid, and 
thyreoid bars. They may with care be easily dissected in the foetus between the third and fourth 
months. Their metamorphosis is as follows: — 

The two extremities of the mandibular bar (cartilago Meckelii) ossify; the distal end ulti- 
mately forms a portion of the mandible near to the symphysis (see p. 98) ; the proximal end 
ossifies as the malleus and incus. The intermediate portion disappears; the only vestige is a 
band of fibrous tissue, the spheno-mandibular ligament, extending from the spine of the sphenoid 
to the spine of the mandible. 

In the connective tissue surrounding the bar there appear, however, ossifications, one of 
which invests the bar to form the dentary plate; while a second, situated more proximally, forms 
the tympanic bone. 

The hyoid bar fuses distally with the thyreoid bar, and forms part of the hyoid bone. Its 
proximal end becomes the stapes, the tympano-hyal portion of the styloid process (fused with 
the petro-mastoid), and the s^lo-hyal or free portion of the process. The succeeding portion 
(epi-hyal segment) is represented in the adult by the stylo-hyoid ligament, and the lowest seg- 
ment, or cerato-hval, by the small cornu of the hyoid. 

The th^eoid bar forms the great cornu of the hyoid bone (thyreo-hyal). The body of the 
hyoid (basi-hyal) is regarded as representing the fused ventral ends of the hyoidean and thy- 
reoidean arches. 

In addition to these structures ossifications occur in the connective tissue of the maxillary 
process, a structure which may be regarded as forming the anterior part of the first branchial 
arch, and in the fronto-nasal process. The ossifications in the maxillary process give rise to 
the pterygoid (medial pterygoid process of the sphenoid), the palate, the maxilla, and the 
sygomatic, while that in the fronto-nasal process forms the prem axilla. 

The bony elements of the head may therefore be arranged, according to their origin, in the 
following table: — 

I. Basilar Bones Developed in the Cartilaqinous Cranium 

Basi-ocdpital Basilar portion of the occipital bone. 

Exoccipitius Condylar parts of the occipital bone. 

Sapim-ocdpital Lower part of the squamous portion of the occipital. 

^fii^ffJ^^S^ f Constituting the body of the sphenoid. 

Ali-iphenoids Greater wings and lateral pterygoid plates. 

Orbito-sphenoids Lesser wings. 

Petro-mastoids Petrous and mastoid portions (excepting post-auditory 

processes) of the temporal bones. 

II. Roof Bones Developed in the Mebibranous Cranium 

Sqnamouds Squamous portions of temporals. 

Parietals The two parietal bones. 

Frontais United to form a median frontal bone. 

Interparietal Upper part of squamous portion of occipital 

Epipt«ric8 The epipteric bones. 

III. Bones of the Nasal Region 

Mesetiimoid Vertical plate of ethmoid developed in the cartilage of the 

cranio-facial axis. 

Ethmo-turblnaUi Superior and inferior conchal processes of ethmoid. 

Maxfllo-turbinais The inferior nasal conchse. 

Cribriform lamina Cribriform plate of ethmoid. 

These elements are developed in the cartilage of the lateral nasal process. 
Sphenoidal turbinals Sphenoidal conchse. These are derivatives of the ethmo- 

turbinals. 

Lacrimals The lacrimal bones \ Developed in the membrane over 

NaaaU The nasal bones j the lateral nasal process. 

Vomer The vomer. Ossified in the membrane investing the carti* 

lage of the cranio-facial axis. 

IV. Facial Bones 

MaxUhe The maxilke I Developed in the connective tissue 

Zygomatics The zygomatic bones / of the maxillary process. 

FtenuudllA The incisor parts of the maxilke. Formed at the anterior 

extremity of the cranio-facial axis in the tissue of the 
fronto-nasal process (proc. globulares). 
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V. Appendiculak Eleuemto (Bomes of the Vibceou. Abches) 

(A) Cartaaginoua 
UalleuB, Incus, and 

Stapes The oeaicula auditiia. 

Hento-Ueckellan portion 

of the loner jaw Small part on either side near to the symphysia menti. 

Tjmpano-hjralB and Stjlo- 

hytlB Styloid proceesea of the temporal bones. 

Epihyals Stylo-hyoid ligaments. 

Cerato^yals Lesser comua of hyoid bone. 

Thyreo-hyalB Greater oomua of nyoid bone. 

Basl-hyals Body of hyoid bone. 

(B) Membranous 

Mandible The lower jaw excluding a small portion near Bymphysta. 

TympanicB The tympanic plates. 

Pterygoids The medial pt^goid plates. 

Pslatala The palate bones. 

The SkuU at Birth 

The skull at birth presente, when compared with the adult skull, several iimiortant and 
interesting features. Ite peculiarities may be considered under three headings: — ^The peculiai- 
itiee of the festal skull as a whole; the construction of the individual bones; the remnants of 
the chondral skull. 

(1) The General Characters of the Fatal SkuS 

IThe most striking features of the skull at birth a. 
with the body, and the predominance of the cranial o^ 
the latter is, in fact, very email. 

Fia. 143. — The Cranium at Birth. (Viewed from above.) 




The frontal and parietal eminences are large and eonspiouous; the sutures a_ , ._ 

adjacent margins of the bones of the vault are separated hy septa of fibrous tissue continuous 
with the dura mater interDally and the pericranium externally; hence it is difficult to separate 
the roof bones from the underlying dura mater, each being lodged, as it were, in a dense mem- 
branous sac. The bones of the vault conBiet of a single layer without any diploS, and their 
cranial surfaces present no digital impresaions. Six membranous spaces exist, named foata- 
nelles: two are median, the frontai [foaticuluB froatahB; major] being anterior and the occipital 
jfonticulua occipitnliHi minor] posterior. Two exist on each side, termed anterior [fonticulus 
apbenoidaiis) and posterior [fonticulus maatoideua] lateral fontanellcs. Each angle of the pari- 
etal bones is in relation with afontanoUc, The anterior fontanelle is tozcngc-shaped, the poste- 
rior triangular. The lateral fontanelles arc irregular in outline. The lateral fontanellea close 
soon after birth; the occipital fontanelle closes in the first year, and the frontal during the second 
year. 
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Tunking to the base of tho alcull, the most striking points are the absence of the mastoid 
processes, and the large angle which the pterygoid plates form ivith the akull-base, whereas in 
the adult it is almost a right angle. The base of the skull is relatively short, and the lower 
border of the mental symphvsis is on & level with the occipital aondylee. 

The facial skeleton is relatively small in conae<)uence of the small aiie of the nasal fosse, 
the small site at the maxillary sinus, and the rudimentary condition of the alveolar borders 



Fio. 144. — The Craniuu at Birth. (Lateral view.) 




of the maxilliB and mandible; the nasal fossie are as wide as they are high, and are almost filled 
with the conclue. 

Growth takes place rapidly in the first seven years after birth. There is a second period 
of rapid growth at puberty, when the air sinuses develop, and this afTects especiaJly the face 
and frontal portion of the cranium. 

Fio. 145. — The Craniitm at Birth in Saoittal Section. (Sphenoidal concha 
indicated by a *) 




The Peculiarity of Individual Bones of Birth 
insists of fom- distinct parts, which have abei 

r — — bone, the following are the most important poi..« ,.. umw-.^-.^.-- 

There is no pharyiueal tnberde or jucuUr process; the squamous portion presents two deep 
fissures separating Uie interparietal from the supra-occipital portion and extending niedially 



The occipital bone consists of four distinct parts, which have abeady been described. 
Compared with the adult bone, the following are the most important points of distinction; 
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aa far aa the occipital protuberance. The grooves tor the tranavwse (lateral) e 
absent. 

The sphenoid in a macerated fojtftl skull falla into three pieces: (I) united pre- 
aphenoids, orbito-spfaenoids, and lingulK, and (2 and 3) the ali-aphenoida.. The 
Doid is quite solid and connected with the ethmo-vomcrine cartilage, and oreeents n 
.!._ _: i.:.i. .i_; . ■_ .!._ _ J..,. _i_..ii 1.1 1 — :Ji.__^j^ upper BurfacB 

d by the growth 
a shape. The lingutc 



ute solid and connected with the ethmo-vomcrine cartilage, and oreeents no tra 
luaea which occupy this part in the adult skull. The pre-spnenoia by its upper 8i 
't of the anterior cranial fossa, from which it is subsequently ezcluaed by the gi 



Fig. 146. — The Occipital at Birth. 




stand out from the basi-sphenoid as two lateral buttresses, and at the tuberculum sells is the 
basi-pharTiigsal canal, which in the recent bone is occupied hy fibrous tissue. The doranm 
sellK is still cartilagiiiouB. The oli-sphenoids with the pterygoid proceaaea are separated^om 
the rest of the bone by cartilage. The foramen rotundum is complete, but the future foramen 
ovale is merely a deep notch in the posterior border of the great wing, and there is no toramea 
spinOHum. Tue pterygoid processes are short, and each medial pterygoid plate presents a brood 
surface for articulation with the liogula. The pterygoid cansl is a groove between the medial 
pterygoid plate, the lingula, and great wing. 



Fio. 117.— The 




PletTlold canal LincuU 



The temporal bone at birth consists of tliree elements, the petrosal, squamoaal, and tym- 
ponic. The petroa^ presents a large and conspicuous floccular fossa; the hiatus Fallopii is 
a shallow bay lodging the geniculate Kanghon of the facial nerve. There is a relatively large 
mastoid antrum, but no mastoid process. The styloid process is unosaified, but the tympano- 
hyol may be detected as a minute rounded nodule of bone near the stylo-maatoid foramen. 
The squamosal has a very shallow mandibular fossa' and a, relatively large post-glenoid 
tubercle. The posterior part of the inferior border is prolonged downward into on uncinate 
process {potl-audilori/ process} which closes the mastoid antrum laterally. 
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Thfl tympanic bone or annulua is a delicate, horseshoe-shaped ossicle, attached by its ante- 
rior »ad i>oBterior ertremitiea to the inferior border of the Bquamo^tU 

The «ar-bones are chieQy of interest tiom their size, for they are aa large at birth a« in the 
, ndult. The anterior process iFohan process) may be 2 cm. in length. 



Via 148.— The Temporal Bove at I 




The frontal Iconsista of two bones separated by a median vertical (metopic) suture. The 
frontal eminence ia very pronounced, but the superciliary arche; and frontal sinuses are wanting. 

The frontal spine, which later becomes one ot the most i ■ '—• ' •■■■- ' — 

kb»ent. There is no temporal line. 



e moet conspicuous features of this bone, is 



Fio, 151. — Ths Froktal Bone at Birth. 




The parietal ia simply a (luadrilateral lamina of bon«. 
le outer surface. The parietal eminence, which indicates the spot in which the ossification of 
IV bone commenced, ia large and prominent. The groovM for blood-sin uaea, as in other cranial 
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bonee, are absent. Each an^le of the parietal ia in relation with a fontanelle. Aa in the adult, 
the anterior inferior angle of the bone is prolonged downward toward the ah-sphenoid. 

The eOunoid consiata of two lateral portions Beparated by the Still cartilai^noua ethmo- 
vomerine plate. The ethmoid cells are represented by shallow depressions, and the uncinatt 
process is undeveloped. 

The sphenoidal conchte are two small triangular pieces of bone lying in the periohondriiun 
on each side of the ethmo-vomerine plate near its junction with the pre-sphenoid. (Indicated 
by ths • in fig. 145.) 

ThemazUlapresentstbe following characters: — The incisive suture is visible on thepalatiae 
aspect of the bone. The alveolar border presents five sockets for teeth. The infra-orbitil 

Fid. 152. — The Maxilla at Birth. 




I.«tei4l view. 



McdUd fJ». 



foramen communicates with the floor of the orbit by a deep fissure; this fissure sometimes po- 
sists in the adult. The sinus is a shallow depression. 

The mtmdlble at birth conBiats of two halvca united by fibrous tissue in the line of the future 
symphysis. Each half is a bony trough lodging teeth. The trough is divided by tbia osseous 
partitions into five compartments; of these, the fifth is the largest, and ia often subdivided by 
a ridge of bone. The floor is traversed by a furrow as far forward as the fourth socket (that 
for the first milk molar), where it turns outward at the mental foramen. This furrow lodges 
the interior alveolar nerve and artery, which enter by the large mandibular foramen. The con- 
dyle is on a level with the upper border of the anterior extremity of the bone. 

The palate bones differ mainly from those in the adult in that the vertical and horisontal 
plates are of the same length: thus the nasal fossa: in the fcctus are as wide as they are high, 
whereas in the adutt the height of each naaal fosaa greatly exceeds the width. 

Concerning the remaining bonea httlc need be said. The vomer is a delicate trough of 
bona for tbe reception of the inferior border of the cthmo-vomerine plate; its inferior border, 

Fio. 153. — The Mandiblt: at Birth. 




which rests upon the hard palate,* ia brood, and the bone presents quite a different appeafance 



(3) Remnants of the Cartilaginous Cranium 

It has already been pointed out that at an early date the base of the skull and the face are 
represente<l by hyaline cnrtilagc, which for the moat part is replaced by bone before birth. 
Even at birth remnants of this primitive chondral skull are iibundaDt. In the cranium, carti- 
laginous tracts exist between the various portions of the occipital bone, as well as at the line of 
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i unction of the occipital with the petrosal and sphenoid. The dorsum sells is entirely carti- 
laginous at birth, and the last portion of this cartilage disappears with the ankylosis of the 
baai-occipital ana basi-sphenoid about the twentieth year. A strip of cartilage imites the ali- 
sphenoids with the lingulse, and for at least a year after birth this cartilage is continuous with 
that which throughout life occupies the foramen lacerum. A strip of cartilage exists along the 
posterior border of the orbito-sphenoid, and not unfrequently extends lateralward to the 
pterion. In the adult skull it is replaced by ligamentous tissue. 

The ethmo-vomerine plate is entirely cartilaginoiis, and near the end of the nose supports 
the lateral nasal cartilases, remnants of the fron to-nasal plate. The fate of the ethmo-vomerine 
plate is instructive. .The upper part is ossified to form the mesethmoid; the lower part atro- 
phies from the pressure exerted by the vomer; the anterior end remains as the septal cartilage. 
The lateral snout-like extremities of the fronto-nasal plate persist as the lateral cartilages of the 
nose. 

Among the appendicular elements of the skull, the styloid process and a large portion of the 
hyoid are cartilaginous at birth. 

The Nerve-foramina of the SkuU 

The various foramina and canals in the skull which give passage to nerves may be arranged 
in two groups, primary and secondary. Primary foramina indicate the spots where the nerves 
leave the general cavity of the dura mater, and as this membrane indicates the limit of the 
primitive cranium^ a cranial nerve, in a morphological sense, becomes extra-cranial at the point 
where it pierces this membrane. In consequence of the complicated and extraordinary modmca- 
tions the vertebrate skull has undergone, many nerves traverse, in the adult skull, bony tunnels 
and canals which are not represented in the less complex skulls of low vertebrates, such as 
sharks and rays. To such foramina and canals the terms secondary or adventitious may be 
applied. 

Nerve-foramina are further interesting in that they occupy sutures, or indicate the points 
of union of two or more ossific centres. To this rule the foramen rotundum is the only excep- 
tion in the human skull. 

• 

The Primary Foramina 

1. Foramen magnum. — This is bounded bv four distinct centres^ the supra-, basi-, and 
two ex-occipitals. ft transmits the accessory (eleventh) pair of cramal nerves, the vertebral 
arteries ana their anterior and posterior spinal branches, the medulla oblongata and its mem- 
branes, and the membrana tec tor ia. 

2. The hypoglossal. — At birth this is a deep notch in the anterior extremitv of the ex- 
occipital, and becomes a complete foramen when the basi- and ex-occipitals fuse. Occasionally 
it may be complete in the ex-occipital, but it indicates accurately the line of union of these two 
elements of the occipital bone. It transmits the hypoglossal nerve, the meningeal briEinch of the 
ascending phar3mgeal artery, and its vena; comitantes. 

3. Jugular foramen. — Tnis occupies the petro-occipital suture, and is formed by the basi- 
and ex-occipital in conjunction with the petrosal. It transmits the glosso-pharyngeal^ vagus, 
and accessory nerves, a meningeal branch of the ascending pharyngeal artery, and receives the 
transverse and inferior petrosal sinuses. 

4. Auditory. — This marks the point of confluence of the groups of centres termed pro-otic 
and opisthotic. It transmits the facial and auditory nerves, the pars intermedia, and the au- 
ditory twig of the basilar artery. 

5. Trigeminal. — This is only a foramen when the dura mater is present in the skull. It 
is a notch at the apex of the petrosal converted into a foramen by the tentorium. The main 
trunk of the trigeminal nerve, with the small motor root (masticator nerve), traverses it. 

6. Petro-sphenoidal. — This is a notch between the side of the dorsum sellse and apex of 
the petrosal which becomes converted into a foramen by dura mater. 

7. Optic. — This foramen is formed by the confluence of the orbito- and pre-sphenoidal 
centres. It opens into the orbit and transmits the optic nerve and ophthalmic artery. 

The Secondary Nerve -foramina 

Foramina transmitting; the various subdivisions of the trigeminal nerve. — The primary 
foramen of exit for the trigeminal nerve is formed partly of bone and partly of membrane at 
the apex of the petrosal. The three divisions of the nerve issue through secondary foramina. 

(a) The superior orbital (sphenoidal) fissure is an elongated chink, bounded above by 
the orbital wing and below by the great wing of the sphenoid, medially by the body of the 
sphenoid, and laterally by the frontal. It opens into the orbit, and transmits the third, fourth, 
first (ophthalmic) division of the trigeminal and abducens nerves, also the ophthalmic vein or 
veins. 

(6) The foramen rotundum is the only exception to the rule relating to the formation of 
nerve-foramina; it is probably a segment of the superior orbital fissure. The foramen is really 
a canal running from the middle cranial fossa to the i)tcr>'go-palatine fossa, and transmits the 
second or maxillary division of the trigeminal. 

(c) The foramen ovale at birth is a gap in the hinder border of the great wing (ali-sphe- 
noid) of the sphenoid, and is converted into a foramen by the petrosal; subsequently it becomes 
complete in the sphenoid. It transmits the third or mandibular division of the trigeminal and 
the small or motor root, the small superficial petrosal nerve (which occasionally passes through 
a separate foramen), and the small meningeal artery with its vena; comitant^. 
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The ethmoidal canals. — These commence in the suture between the lamina papyracea and 
the frontal bone, and traverse the space between the upper surface of the lateral mass of the 
ethmoid and the horizontal plate ol the frontal, to emerge on the cribriform plate; they are 
situated outside the dura mater. The anterior foramen transmits the ant^ior ethmoida) 
branch of the ophthalmic, which subsequently gains the nasal cavity by passing through the 
ethmoidal fissure by the side of the crista galli. 

The infra-orbital canal indicates the line of confluence of the maxillarjr and malar centres 
of the maxilla; occasionally it is completed by the zygomatic; rarely it is incomplete above, 
and communicates by a narrow fissure with the orbit. It lodges the infra-orbital nerve and 
artery. 

The zygomatico-temporal foramen is situated in the suture between the zvgomatic and 
the i^^ater wing of the sphenoid (ali-sphenoid) ; it transmits the temporal branch of the zygo- 
matic nerve and a branch of the lacrimal artery. In the adult this foramen may be wholly 
confined to the zygomatic bone. 

The zygomatico-facial canals traverse the zygomatic bone, and indicate the line of con- 
fluence of the two chief centres for this bone. The facial twigs of the zygomatic nerve issue 
from them accompanied by arterial twigs. 

The spheno-palatine foramen is a deep groove between the orbital and sphenoidal pro- 
cesses of the palate bone, converted into a foramen by the sphenoidal concha. It is travmed 
by the naso-palatine nerve and artery as they enter the nasal from the pterygo-palatine fossa. 

Scarpa's foramina are two minute openings in the meso-palatine suture where it is in 
relation with the incisive fossa. They are traversed by the naso-palatine nerves. 

The pharyngeal foramen is situated between the sphenoidal process of the palate bone, 
the medial ptei^^goid plate of the sphenoid, and the sphenoidal concha. The pharyngeal 
branch of the spheno-palatine ganglion and a branch of the spheno-palatine artery pan 
through it. 

The pterygoid (Vidian) canal is trumpet-shaped: the narrower end is situated in the foramen 
lacerum; the oroader orifice opens on the posterior wall of the pteryo-palatine fossa. The canal 
is 10 mm. lon^; in the fcDtal skull it is a chink between the base of the medial ptery^id plate, 
the ali-sphenoid, and the lingula of the sphenoid. The canal is traversed by the Vidian branch 
of the spheno-palatine ganglion and the Vidian arter>\ 

The posterior (greater) palatine canal is a passage left between the maxilla, the vertical 
plate ana tuberosity of the palate bone and the medial pterygoid plate; it commences on the 
nard palate bv the greater palatine foramen. The descending palatine nerve and artery trav- 
erse tnis canal. Several foramina open from it. In the suture between the vertical plate of the 
palate bone and the maxilla, two small openings allow minute nerves to issue for the middle and 
inferior nasal conchse. In the fissures between the tuberosities of the palate and maxillse, and 
the pterygoid plates, the posterior and middle palatine nerves issue. These are sometimes called 
the posterior and middle (smaller) palatine canals. 

The mandibular or inferior dental canal runs in the mandible between the dentary and 
Meckel's cartilage of the mandible. The posterior orifice of the canal is the mandibular (infe- 
rior dental) foramen; the anterior orifice is the mental foramen. The inferior alveolar nerve 
and artery enter the canal at its posterior orifice; the mental foramen allows the mental nerve 
to escape from the canal accompanieil by the mental artery. 

Foramina transmitting the facial nerve and its branches. — The main trunk of the facial 
enters the internal auditory meatus and traverses the facial canal. In the early embryo the 
nerve Ues on the petrosal, and is not covered in with bone until the fifth month of foetal life. 
The terminal orifice, the stylo-mastoid foramen, is situated between the tympanic, tympano- 
hyal, and epiotic elements of the complex temporal bone. 

The 'iter chordae posterius* is a chink between the squamosal and the tympanic elements, 
and allows the chorda tympani nerve to enter the tympanum. The fissure of exit for this nerve 
is the subdivision of the petro-tympanic fissure termed the canal of Huguier. or 'iter chordc 
anterius.' The petro-tympanic fissure hes between the tympanic plate ana the squamosal. 
It transmits the tympanic branch of the internal maxillary artery, and lodges the anterior proc- 
ess of the malleus. 

The inferior orbital (spheno-m axillary) fissure is situated between the posterior border 
of the orbital plate of the maxilla and a smooth ridge on the orbital surface of the great wing 
of the sphenoid. It transmits the superior maxillary division (second) of the fifth nerve, the 
zygomatic nerve, branches of the spheno-palatine ganglion to the orbit, and a communicating 
vem from the ophthalmic to the pterygoid plexus. 

C. THE THORAX 

The thorax is a bony cage formed by the thoracic vertebrae already described, 
the ribs with their costal cartilages, and the sternum. 

THE RIBS 

The ribs [costse] (figs. 154, 155) twelve in number on each side, constitute a 
series of narrow, flattened bones, extending from the sides of the thoracic vertebrae 
toward the median line on the anterior aspect of the trunk. The anterior ends 
of the first seven pairs are connected, by means of their costal cartilages, with the 
sides of the sternum, and on this account the first seven ribs on each side are 
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termed true or sternal ribs. The remaining five pairs, known as false or asternal 
ribs, may be arranged in two sets: — one, including the eighth, ninth, and tenth 
ribs, in which the cartilages of the anterior extremities are connected together, 
and the other, including the eleventh and twelfth, in which the anterior extremi- 
ties, tipped with cartilage, are free. The eleventh and twelfth are known, in 
consequence, as the floating ribs. Thus, the first seven are vertebro-sternal; 
the eighth, ninth, and tenth, vertebro-chondral; the eleventh and twelfth, 
vertebral ribs. 

The ribs increase in length from the first to the seventh, and decrease from the 
seventh to the twelfth. They also vary in their direction, the upper ones being 
less oblique than the lower. The obliquity is greatest at the ninth rib and gradu- 
ally decreases from the ninth to the twelfth. 

Tjrpical characters of a rib (fig. 154). — The seventh is regarded as the most 
typical rib. It presents for examination a vertebral extremity or head; a narrow 
portion or neck; a sternal extremity; and an intermediate portion, the body or 
shaft. 

The head [capitulum costse] presents an articular surface made up of two 
articular facets separated by a horizontal crest [crista capituli]. The crest is 
connected by an interarticular ligament with an intervertebral disc, and the facets 
articulate with the costal pits on the sides of the bodies of two vertebrse (sixth and 
seventh). As a rule, the lower facet is the larger, and articulates with the thoracic 
vertebra, to which the rib corresponds in number. This is the primary facet, and 
is the one represented in those ribs which possess only a single facet on the rib-head. 
The anterior margin is lipped for the attachment of the radiate ligament. 

The neck [collum costse] is that portion of the rib extending from the head to 
the tubercle. It is flattened from before backward and the posterior surface is 
in relation with the transverse process of the lower of the two vertebrse with which 
the head articulates; it forms the anterior boundary of the costo-transverse fora- 
men, and is rough where it is attached to the neck (middle costo-transverse) 
ligament. The anterior surface is flat and smooth. The superior border of the 
neck, continuous with the corresponding border of the shaft, presents a rough 
crest [crista colli] for the anterior costo-transverse ligament. The inferior bor- 
der of the neck is rounded and continuous with the ridge of the costal groove. 
This difference in the relation of the neck, to the upper and lower borders of the 
rib-shaft, is useful in determining to which side a rib belongs. 

The tubercle, situated behind at the junction of the neck with the shaft, con- 
sists of an upper and lateral part, rough for the attachment of the posterior costo- 
transverse ligament, and a lower and medial part, bearing a facet for articulation 
with a pit near the tip of the transverse process- The tubercle projects 
below the lower edge of the rib to form a crest, marking the beginning of the costal 
groove. 

The body is strongly curved and presents for examination two surfaces and 
two borders. At first the curve is in the same plane as the neck, but it quickly 
turns forward at a spot on the posterior surface of the shaft known as the angle, 
where it gives attachment to the ilio^osialis muscle and some of its subdivisions. 
The rib has also a second or upward curve, beginning at the angle. These curves 
are expressed by describing the main curve as disposed around a vertical, and the 
second or upward curve around a second transverse axis. 

When a rib, except the first, second, and twelfth, is laid with its lower border upon the table, 
the rib-head rises ana the rib touches the table at two places, viz., at the anterior end, and in the 
neighbourhood of the angle. 

Besides the two curves now described, the rib is slightly twisted on itself, so that the sur- 
faces which look medially and laterally behind are placed obliquely in front and look downward 
as well as medially, and upward as well as laterally. 

The external surface of the rib is convex, and gives attachment to muscles. Near its an- 
terior extremity it forms a somewhat abrupt curve, indicated by a ridge on the bone, which gives 
attachment to the serratus anterior {niagnus) muscle, and is sometimes called the anterior 
angle. 

The internal surface is concave and presents near its inferior border the 
costal groove [sulcus costae]. The groove is best marked near the angle, and 
gradually becomes shallower toward the anterior extremity of the rib, where it 
is finally lost; it lodges the intercostal vessels and nerve. The ridge limiting the 
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groove above is continuous with the inferior border of the neck of the rib, and 
gives attachment to the iTdernal inlercoatal mu3Cle. 

The superior border is rounded, and affords attachment to the internal and 
external iiUercostal muscles. The inferior border commences abruptly near the 
angle, and gives attachment to the external intercostal muscle. 

The sternal end of the shaft is cupped for the reception of the costal cartilage. 



Fio. 154. — The Seventh Rib 



Left Side. (Seen from below.) 




Blood-supply. — The riba are very vascular and derive numerous branchea from the inter- 
costal arteries. The branches in the shaft run toward the vertebral end, whilst those in the 
head and neck run, as a rule, townr<l the shaft. Id the neighbourhood of the tuberosity the 
vessels do not seem to have any constant arranKcment. 

Peculiar Tibs(fig3. 153, 156). — Several of the ribs present certain peculiarities and differ 
in many particulars from the geoeral description given above. These are the first, second, tenth, 
eleventh, and twelfth. 

The first rib is the broadest, flattest, strongest, shortest, and most curved of all the series. 
It is not twisted, and is so ]>l.'kccu that its superior surface looks forward as well as upward, and 
its inferior surface backward as well as downward. The head is small, and as a rule is furnished 
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with only one articuliir facet. The ueck, loDger than that of most of the ribs, is si 
rounded. The tubercle ia large and prominent. The Bhaft lies for its whole extent nearly ii. 
one plane, hunoan^e, and ii curved m one direction only, i. e,, around a vertical axia. The su- 
perior surface presents two shallow grtraves, separated near the inner border by a rough surface 
(■cmleae tnberae or tubercle of Lisfraoo) for the tealenu» anterior muscle. The groove in 
front of this surface is for the subclavian vein, and the ^oove behind it is for the subclavian 
artoy and a nerve trunk passing to the brachial pleius. Between the groove for the artery and 
the tubercle is a rou^ surface for the insertion of the scaUnus mediui, and between the groove 
and the outer margm is an area for the origin of the serratut anierior (ma^us). The inferior 
surface is uniformly flat and ladca a subcostal groove. By the lateral portion, which is rough, 
it ipves attaohment to tike internal intercoetal muscle; the remainder of the inferior surface is in 
relation to pleura and lung. The lateral border is thick and rounded, and gives attachment 
to the external inUreosial musole, whilst the medial border, thin, sharp, and concave, receives 
the attachment of the fascia (Sibson'e) covering the dome of the pleura. The anterior extrem- 
ity is thick and broad, aad its upper margin, as well as the cartilage to which it ia joined, afford 
attachment to the oosto-elavicular ligament and the tubelantu muscle. The costal cartilage 
of this rib is directly united to the manubrium sterni, and occasionally the cartilage and the 
■djoining part of the anterior extremity of the rib are replaced by fibrous tissue, 

Pio. 155. — PiBST jlhd Second RtBs. {Viewed from above.) 




GnoT* far *abel*i 



Gn»T* iot ■iibcU< 






The rib derives its nutrition mainly from the superior intercostal branch of the eubolaviaa 
artery. 

The lecoDd rib is much longer than the first, and although like it in being strongly curved 
rotmd a vertical axis, in its form and general characters there is a closer resemblance to the 
ribs lower down in the series. The head is round and preeeota two facets, the costal ^oove is 
present, though faintly marked, and an angle is situated near the tubercle. The specially dis- 
tinguiahing feature of the rib, however, is a well-marked tuberosity on its outer simace some- 
what near the middle, for the origin of apart of the first digitation, and the whole (^ the second 
digitation oi the semUue anterior (magmu). Between the tuberosity and the tubercle the outer 
surface ia smooth and rounded and gives attachment to the aauenui ■poiterwr, the lerratua 
poaUrior luperior, the ilio-eostalig eervieU (etrviealU aieendem), and the iUo-cotlaiU dorsi {tuxti- 
Ktriut). The internal surface is smooth andin relation to the pleura. The borders give attach- 
ment to the intercottal muscles, the upper, to those of the firat space, the lower, to those of the 
second. The shaft of the second rib is not twisted on its own axis, so that both ends can he flat 
on the table. The second rib receives vessels from the superior intercostal branch of the 
subclavian artoy and the firat aortic intercostal. 

The tenth rib is distinguished by a single facet on the head for articulation with the body 
of the tenth thoracic vert^ra. Occasionally there are two facets, in which case the rib articu- 
lates also with the ninth thoracic vertebra. The tenth rib, Uke the ribs immediately above, is 
long, curved, presents a dee]) costal groove, a well-marked tuberosity and an an^e. It may 
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be noted, however, that the distance between the tubercle and the angle in this rib ia greater 
than in the ribs above. Si)eaking generally, the distance between these points increases from 
above downward — a disposition which is useful in at once determining if any given rib belongs 
to the upper or lower end of the series. 

The eleventh rib is peculiar in that it has a single facet on the head, a feebly marked angle 
some distance from the head, a shallow costal groove, no tubercle, and no neck. The tubercle 
is sometimes represented by a slight elevation or roughness without any articular facet. The 
anterior extremit)r is pointed. 

The twelfth rib has a large head furnished with one facet for articulation with the root 
(pedicle) of the twelfth thoracic vertebra. The shaft is narrow and extremely variable in length 
(3 to 20 cm.). It is usually somewhat longer than the first rib, but it may oe shorter. There 
is no tubercle, no angle, no neck, no costal groove. The anterior extremity is pointed. Poste- 
riorly, the upper border is smooth and somewhat rounded; the lower boraer is sharp and 
rough. 

The costal cartilages are bars of hyaline cartilage attached to the anterior extremities of the 
ribs, and may be regarded as representing unossified epiphyses. like the shaft of a rib, each 
cartilage has an outer and inner surface. The outer surfaces give origin and insertion to large 
muscles, and the inner surfaces, from the second to the sixth inclusive, are in relation with the 
tranwersua thorcicis (trianaularia atemi). The upper and lower borders serve for the attachment 
of the internal intercostal muscles. The upper seven cartilages, and occasionally the eighth, 
are connected with the sternum. Of these, the first fuses with the manubrium stem! and the 
remaining six are received into small articular concavities, and retained by means of ligaments. 



Fig. 156. — The Vertebral Ends of Tenth, Eleventh, and Twelfth Ribs. 

Angle 



Sincle facet (sometimes 
two facets are present- 





Single facet (this rib has 
an angle, but no tuber- 
osity and no neck) 




Single facet (this rib has 
neither tuberosity, angle, 
nor neck) 



The cartilages of the vertebro-chondral ribs are united to one another and to the seventh costal 
cartilage by ligaments (sometimes by short vertical bars of cartilage), while those of the verte- 
bral ribs form no such attachment, but lie between the abdominal muscles. The inner surfaces 
of the lower six costal cartUages afford attachment to the diaphragm and the traneveraalis muscle. 

Each of the second, third, fourth, and fifth costal cartilages articulates with the side of the 
sternum, at a point corresponding to the junction of two sternebrse. The sixth and seventh 
(and eighth when this reacnes the sternum) are arranged irregularly. As a rule, the sixth lies 
in a recess at the side of the fifth sternebra; the seventh corresponos to the line of junction of 
the meso- and metasternum; and the eighth articulates with the metastemum (see figs. 158, 
161). 

Blood-stipply. — The costal cartilages derive their blood-supply from the terminal twigs of 
the aortic intercostals and from the internal mammary arteries. 

Ossification. — At the eighth week of intra-uterine life the ribs are cartila^nous. About 
this date a nucleus appears near the angle of each rib, and spreads with great rapidity along*the 
shaft, and by the fourth month reaches as far as the costal cartilage. At this date the length of 
rib-shaft bears the same proportion to that of the costal cartilage as in adult life. Whilst the 
ribs are in a cartilaginous condition, the first eight reach to the side of the sternum, and even 
after ossification has taken place, the costal cartilage of the eighth rib,in many instances, retains 
its articulation with the sternum up to as late as the eighth month (fig. 158). This relationship 
may persist through life, but usually the cartilage retrogresses, and is replaced by ligamentous 
tissue. About the fifteenth year a secondary centre appears for the head of each rib, and a 
little later one makes its appearance for the tubercle, except in the eleventh and twelfth ribs. 
Frequently epiphyses are developed on both parts of the tubercle (see figs. 159 and 160). The 



VariatioTia in the Number and Shape of the Ribs 

The riba may be increaMd in number by addition either at the cervical or lumbar end of the 
•sriee, but it is extremely rare to find ui additional rib or pair of riba in both the cervical aod 
lumbar regions in the same subject. 

Fia. 157. — RtB AT PuflBRTT. 





Cervictl ribs are fairly common; as a rule, they are of small sise and rarely extend more than 
a few millimetera beyond the extremity of the transverse process (see p. 35). Rarely 
they exceed such insignificaDt proportions and reach as far as the sternum; between these two 
estremee many varieties occur. In one case Turner was able to make a thorough diseection of 
'— 'n in which & complete cervical rib existed. Its head articulated with the body of the 
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seventh cervical vertebra and had a radiate ligament. The tubercle was well developed, and 
articulated with the transverse process. The costal cartilage blended with that of the first 
thoracic rib, and gave attachment to the costo-clavicular ligament. Between it and the first 
thoracic rib there was a well-marked intercostal space occupied by intercostal muscles. It 
received the attachment of the scalenus anterior and meditis muscles, and it was crossed b^ the 
subclavian artery and vein. The nerves of the intercostal space were supplied by the eighth 
cervical and first thoracic. The artery of the space was derived from the deep cervical, wmch, 
with the superior intercostal, arose from the root of the vertebral. The head of the first thoracic 
rib in this specimen articulated with the seventh cervical, as well as with the first thoracic 
vertebra. An interesting fact is also recorded in the careful account of this specimen. There 
was no movable twelfth thoracic rib on the same side as this well-developed cervical rib. and the 
twelfth thoracic vertebra had mammillarv and accessory processes, and a strong elongated 
costal process, and was in linear series with the lumbar transverse processes. 

FiQ. 159. — Posterior Portion of the Sixth Rib in the Fifteenth Year. 

(After Toldt.) 

Epiphysis of non-artictil«r poiHon of the tubercle 



Epiphysis of head 




Articular facet 



Gruber and Turner, from a careful and elaborete study of this question, summarise the varia- 
tions in the cervical rib thus: — It may be very short and possess only a bead, neck, and tubercle. 
When it extends beyond the transverse process, its shaft may end freely or join the first thoracic 
rib: this union may be effected by bone, cartilage, or ligament. In very rare instances it may 
have a costal cartilage and join the manubrium of the sternum. Net unfrequently a process, 
or eminence, exists on the first thoracic rib at the spot where it articulates with a cervical rib. 

Lumbar ribs are of less significance than cervical ribs and rarely attain a great length. 
Their presence is easily accounted for, as they are the differentiated costal elements of the trans- 
verse processes. They are never so complete as the cervical ribs, and articulate only with 
the transverse processes; the head never reaches as far as the body of the vertebra, and tnere is 
no neck or tubercle. An extra levator costce muscle is associated with a lumbar rib. 

Fig. 160. — Posterior Portion of the Sixth Rib in the Eighteenth Year. 

(After Toldt.) 

Non -articular portion of tubercle 



Epiphysis of head 




Epiphysis of the articular facet of the tubercle 



Not the least interesting variation of a rib is that known as the bicipital rib. This conditiou 
18 seen exclusively in connection with the first thoracic rib. The vertebral end consists of two 
limbs which lie in different transverse planes. These bicipital ribs have been especially studied 
in whales and man. This abnormality is due to the fusion of two ribs, either of a cervical rib 
with the shaft of the first thoracic; or the more common form, the fusion of the first and second 
true ribs. 

Among unusual variations of ribs should be mentioned the replacement of the costal carti- 
lage and a portion of the rib-shaft by fibrous tissue, a process which occurs normally in the case 
of the eighth rib during its development. 

Sometimes the shafts of two or more ribs may become united by small quadrilateral plates 
of bone extending across tho intercostal spaces. 

THE STERNUM 

The sternum (figs. 101, 162) is a flat, oblong plate of bone, situated in the 
anterior wall of the thorax, and divisible into three parts, called respectively — ( 1 ) 
the manubrium stemi (presternum), (2) the gladiolus (mesosternum), constitute 
hv^ the body of the bone, and (3) the xiphoid (or ensiform) process (metasternum). 
In the young subject it consists of six pieces or segment (sternebraj). Of these, 
the first remains separate throughout life and forms the manubrium; the sue- 



THE STERNUM 133 

ceediDg four Begments fuse together, forming the body; whilst the lowest segment, 
also distinct until middle life, is represented by the xiphoid process. 

In ils naturiil pusilion the Bt«rnutn is inclined oblii|uely (rum above downward aod forward, 
and correspondB in leogth to the epioe from the third to the ninth thoracic vertebra. It is not 
of equal width throughout, being broader above at the manubrium and narrovr at the junction 
of this piece with the body. Toward the lower part of the body the sternum again widens, and 
then suddenly contracts at its junction with the xiphoid process which constitutes the narrowest 
rt. 

The manubrium or first piece of the sternum forms the broadest and thickest 
rpart of the bone, and is of a somewhat triangular form n-ith the base directed up- 
^rard and the apex downward. It presents for examination two surfaces and four 
'wrders. The anterior surface [planum sternale] is largely subcutaneous. It is 
tlightly convex and directed obliquely upward and forward, is smooth and 
pves origin on each side to the sternal bead of the slemo-masloid and the pecloralia 
major. The posterior surface, almost flat, and directed downward and backward, 
affords origin near the lateral margins on each side, to the aterno-hyoid muscle 
above and the aiftno-thyreoid muscle below. Of the four borders, the superior 
is the longest and much the thickest. In the middle is a curved, non-articular 
depression, called the jugular (interclavicular) notch, to which the fibres of the 
interclavicular ligament are attached, and at either end is an oval articular 
surface jincisura clavicularisl, somewhat saddle-shaped and directed upward, 
backward, and laterally for the reception of the medial end of the clavicle. The 
eircimiference of the articular surface gives attachment to the sterno-clavicular 
ligaments. The lateral borders slope from above downward and medially and 
^.each presents an irregular surface above for the first costal cartilage and a small 
^blacet below, which, with an adjoining facet on the body, forms a notch for tlie 
^Ececond costal cartilage. The two articular surfaces are separated by a narrow 
^peurved edge in relation with the iiilemal intercostal muscle of the first space. The 
lower border is thick and short and presents an oval rough surface wliich articu- 
lates with the upper border of the body, forming the sternal synchondrosis. 
The two opposed surfaces are separated by a fibro-cartilaginous disc, which may, 
however, become partially ossified in advanced age, and at the position of the 
joint there is usually an augle — -the angle of the sternum — which can be felt as a 
transverse ridge beneath the skin. This is useful in locating the position of the 
second rib in the living subject. 

The body (gladiolus) or second piece of the sternum is longer, narrower, and 
thinner than the manubrium. It is widest opposite the notches for the fifth 
costal cartilages and becomes narrower above and below. The anterior surface 
is flat, directed upward and forward, and marked by three transverse elevations 
which indicate the lines of junction of its four component part*. It gives attach- 
ment on each side to fibres of the pectoralis major, and occasionally presents a 
foramen— the sternal foramen — situated at the junction of the third and fourth 

I pieces of the bone. The posterior stirface is slightly concave, marked by lines 
corresponding to thotw on the anterior surface, and below gives attachment on 
each side to fibres of the iransvereus thoracis {triangularis stemi). The lateral 
borders present four whole notches [incisurffi costee] and two half-notches on 
each side, which articulate with the costal cartilages of the second to the seventh 
ribs inclusive; the two half-notches are completed by corresponding notches on 
the manubriimi and the xiphoid process. Between the articular depressions the 
lateral border is curved and in relation to the iniernal intermstal muscles. 
In order to appreciate the nature ol these articular notches, it is advantageous to study 
Ifae 8l«muin in a voung subject. Each typical stemebn presents four angles at each of which ts 
a demi-notch. Between every two etemebne there is an intersiemebraJ disc so that when in 
position, each notch for a coatal cartilage is formed by asteroebra above and below and an intor- 
•temebrsl disc in the middle, thus repealing the relation of the rib-head to the vertebral centre. 
LkIot in life these fuse more or less together, except in the case of the first and Mcond sternebne, 
which usually remain separat* to the end of life. The first (pre-stemum) is the moat modified 
of all the stemebrtp, and ditTera from them in the fact that the costal cartilage of the first rib 
is continuous with it, and in fact that it supports the clavicles. Occasionally a rounded pisi- 
form bfine is seen on each side, medial lo the articular notch for the clavicle; these are the 
■upra-Btemal bones. 

The superior border of the sternal body prasents an oval facet for articulation 
I (synchondrosis) with the manubrium. The inferior border is short and articu- 
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lated with the xiphoid process, forming the meao-metastemal joint, the two 
opposed surfaces being separated by a layer of cartilage so long as they are not 
united by bone. 

The liphoid (ensiform) process is the thin, elongated process projecting 
downward between the cartilages of the seventh ribs. It is the least developed 

Fig. 161. — The Sternum. (Anterior view.) 
Jncnlu notdi 
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part of the sternum and is subject to many variations in form, beii^ sometimes 
pointed, broad and thin, occasionally bifid or perforated by a foramen, and some- 
times bent forward, backward, or deflected to one side. In structure it is carti- 
laginous in early life, partially ossified in the adult, but in old age it tends to be- 
come ossified throughout and to fuse with the body. 

The Ulterior suriace of the xiphoid proresB givee attachment to a few fibres of the reela* 
ahdominU muscle and the chondro-xipboid liBaroent, the posterior surface to the stamal fibres 
of the diaphragm, aod the lowest fibres of the (ran«rer«u« Uurraeii (Iriangviarit stcrni), whilst 
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the Ut«ral m&^ins receive the aponeuroses of the abdominal musclea. Ita tip is directly con- 
tinuouB with ttw linea alba. 

DUtwancM accordins to tez. — The sternum differs somewhat in the two seTee. The female 
Btamum is relatively shorter, the diminution being almost confined to the bod^. In the male 
the body is more than twice as lon^ as the manubrium, whereas in the female it is usually leu 
than twice the length of the fitat piece. 



Fio. 162. — Thk STEsinrM. (Poeterior 




Btruoturally the sternum is composed oF cancellous tissue covered with an outer layer of 
compact tissue. Its arterial supply is derived mainly from the sternal and perforating branches 
of the internal mammary. 

Serelopment of the iterniun. — The osseous sternum is preceded by a continuous or non- 
segmented oentral sternal cartilage formed in the following way When the cartilaginous ribs 
fint appear in the embryo, their anterior or ventral ends fuse together on either aide of the mid- 
dle line- For some time a median fissure is present^ bordered by two si^ttally directed strips 
of cartilage with each of which at first nine Tibs are joined. As development proceeds the two 
■tr^M come into contact in the middle line and fuse from before backward to form a median 
■temal cartilage. The eighth cartilage generally loses its sternal attachment, although in some 
riMin it remains permanently articulated with the side of the enaiform proceoa. The ninth 
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wstal cartilage beeomei aubdividecL one part remAiniDg attached to the sternum and forminK the 
xiphoid process, whilst the end still continuous with the rib acquires a new attachment to the 
eighth cartil^e. The ends adherent to the aternum may remain separate and give rise to s 
bmd xiphoid process, though much more freouentl^ they unite, leaving a small foramen. 

At first, therefore, the sternum and costal cartilages are oontinuous. A joint soon forms 
between the presternum and meeosternum, and others between the costal cartilages and the 
sternum (except in the case of the first) q^uickly follow. The division of the mesoeternum into 
segments is a still later formation and arises during the process of ossification. 



Fia. 163.— 
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On the other hand, a view has been advanced by Profeaaor A. M. Paterson that the sternum 
is not a bilateral structure, but ia laid down, as shown in human sterna of the third month, as a 
simple median band of hyaline cartilage, in complete fusion with the costal cartilages on each 
side and presenting no difFerentiation of its component parts. From a study of the earliest 
stages of the development of the sternum, its comparative anatomy and structure, IVofeMOr 
Flitereon has, moreover, brought forward evidence which indicates its independence in the first 
instance of costal elements and its genetic association with the shoulder girdle. 

Oisiflcation. — The ossification of the sternum is slow and irregular. The process begins 
in the presternum (manubrium) by a single centre about the sixth month of in^a-uterine life, 
though occasion^y other accessory centres are superadded. 



FiO. 164. — Two Staqes in the Formation o 



E Cartilaoinoos Sternum. (After Ruge.) 





The mesosternum (body) usually ossifies from seven centres. The upper segment ossifies 
from a single median nucleus about the eighth month, and below this, tlvee pairs of ossific 
nuclei appear, which ma^ remain for a lone time separate. Of these, two pairs for the second 
and third segments are visible at birth, and those for the lower segment malte their appearance 
toward the end of the first year. The various lateral centres unite in pairs, so that at the sixth 
year the sternum consists o( six sterncbrie, the lowest (metasternum) being cartilaginous. 
Very often, however, there are only four centres of ossification in the gladiolus, as shown in 
fig. 165. Gradually the four pieces representing the mesosternum fuse with one another, and 
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Flo. 165. — OsaincATiON or the Stbbnom. 

umon uraDKement of the osaific centres. B, showing Accessory centre in the manu 

sterui, and biUto-^l centres in the aecood, third, and fourth pieces of the body. 





138 



TBE SKELETON 



■t twenty-five they fonn a wngle piece, but exhibit, even in advanced life, tracee of their origiiul 
separation. A steraal foramen la usually the result of non-union acrosa the middle line or a 
defect o( ossification. 

The metasterniun ia always imperfectly ossified, and does not join with the meaostcmum 
till after middle life. The preetornum ana meBosternum rarely fuse. The dates given abon 
for the various nuclei, and for the union of the various segments, are mnely approximate, hence 
the sternum aSorda very uncertain data as to age. 

Atmormalities of the Stemnm. — The mode of development of the sternum as described 
above is of importance in connection with some deviations to which it is occasionally subject. 
In rare instaaces the two lateral halves fail to unite, giving rise to the anomaly of a completelr 
cleft sternum. The union of the two halves may occur in the region of the manubrium and fall 
below, whilst in other cases ths upper and lower parts have fused but remain separate in t^B 
middle. The clefts are in many instances so small as not to be of any moment, and are not 
even recognised until the skeleton ie prepared. In a few individuals, however, they have been 
so extensive as to allow the pulsation of the heart to be perceptible to the hand, and even to 
the eye, through the akin covering the defect in the bone, 

A common variation in the sternum is asymmetry of the costal cartilages. Instead of eot' 
respondins, the cartilages may articulate with the sternum in an alternating manner. The 
cause of this asymmetry is not known. 

THE THORAX AS A WHOLE 

The bony thorax (fig. 166) is somewhat conical ii 

__id compressed antero-posteriorly, so that in the adult „ 

the transverse axis. The poaterior wall, formed by the thoracic vertebm and the ribs as far 




outward as their anslcs, is convex from above downward, and the backward curve of the ribs 
produces on each side ol the vertebrce a deep furrow, the costo -vertebral groove, in which the 
taCTo-spinatit (erector spirur) muscle aadltssubdivisionsare lodged. The anterior wall is formed 
by the sternum and costal cartilages. It is slightly convex and inclined forward in its lower 
part, forming an angle of about 20 with the vertical plane. The lateral walls are formed by 
the ribs from the angles to the costal cartilages. Tne top of the thorax presents an ellip- 
tical aperture, the superior thoracic aperttire, which measures on an average 12.5 centimetres [5 
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inches) transversely and 6.2 centimetres (2} inches) in its sagittal axis. It is bounded by the 
first thoracic vertebra behind, the upper margin of the manubrium sterni in front, and the first 
rib on each side. As the upper margin of the manubrium sterni is oftenest on a level with 
the disc between the second and third thoracic vertebrae, it follows that the plane of the open- 
ing is directed obliquely upward and forward. The angle of the sternum (angvltiB Ludovici) is 
usually opposite the body of the fifth thoracic vertebra and the xiphi-sternal junction corre- 
sponds to the disc between the ninth and tenth thoracic vertebrae. The lower aperture of the 
thorax is verv irregular, and is formed by the twelfth thoracic vertebra behind, the twelfth ribs 
laterally, ana in front by two curved lines, ascending one on either side from tne last rib. along 
the costal margin to the lower border of the gladiolus. The two borders form the costal arch, 
which in the median line below the sternum forms the infrastemal angle. From this angle the 
xiphoid process projects downward. The intervals between the ribs are the intercostal spaces, 
and are eleven in number on each side. 

The ratio of the sagittal and the transverse diameter of the thorax forms the thoracic index, 
which is higher in the female and in children, in whom the thorax is more rounded. In the 
embryo, the index is very much higher, the sagittal diameter being greater than the transverse. 
In the early embryo, the index is nearly 200; at birth it is about 90. In the adults it varies 
from 70 to 75, averaging 2 or 3 per cent, lower in the male than in the female. It is also 
low^ in the negro than in the white race. (Rodes, Zeitschr. f. Morph. u. Anthrop., Bd. 9.) 



//. THE APPENDICULAR SKELETON 
A. BONES OF THE UPPER EXTREMITY 

The bones of the upper extremity may be arranged in four groups correspond- 
ing to the division of the limb into four segments. In the shoulder are the 
clavicle and the scapula, which together constitute the pectoral or shoulder girdle; 
in the arm is the humerus; in the forearm are the radius and ulna; and in the hand 
the carpus, the metacarpus, and the phalanges. 

THE CLAVICLE 

The clavicle [clavicula] or collar bone (figs. 168, 169) is situated immediately 
above the first rib and extends from the upper border of the manubrium sterni, 
laterally and backward to the acromion process of the scapula. It connects the 
upper limb with the trunk, and is so arranged that whilst the medial end rests on 
the sternum and first costal cartilage, the lateral end is associated with the scapula 
in all its movements, supporting it firmly in its various positions and preventing it 
from falling inward on the thorax. 

The clavicle is a long bone, and when viewed from the front presents a double 
curvature, so that it somewhat resembles in shape the italic letter /. The medial 
curve, convex forward, extends over two-thirds of the length of the bone; the 
lateral, concave forward, is smaller and confined to the lateral part. For descrip- 
tive purposes the clavicle may be divided into a medial prismatic portion, a 
lateral flattened portion, and two extremities. 

Prismatic portion. — The medial two-thirds of the bone, extending from the 
sternal extremity to a point opposite the coracoid process of the scapula, has the 
form of a triangular prism. This portion, however, is subject to considerable 
variations of form, being more cylindrical in ill-developed specimens and be- 
coming almost quadrangular when associated with great muscular development. 
In a typical specimen it is marked by three borders separating three surfaces. 
Of these, the anterior surface is convex and divided near the sternal end by a 
prominent ridge into two parts, a lower, giving origin to the clavicular portion of 
the pedoralis major; an upper, for the clavicular portion of the atemo-cleido' 
mastoid. Near the middle of the shaft the ridge disappears, the surface is smooth, 
and is covered by the platys^ma myoides. Occasionally this surface is pierced by a 
small canal, transmitting a cutaneous nerve from the cervical plexus. The 
posterior surface is concave, forming an arch over the brachial plexus and the 
subclavian artery, broadest medially and smooth in its whole extent. It 
gives origin near the sternal extremity to a part of the sterno-hyaid and occasion- 
ally to a few fibres of the sterno-thyreoid. Somewhere near the middle of this 
surface is a small foramen, directed laterally, for the chief nutrient artery of the 
bone, derived from the transverse scapular (suprascapular) artery. Sometimes the 
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foramen is situated on the inferior surface of the bone, in the subclavian groove. 
On the inferior surface near the sternal end is a rough area, the costal tuberost^, 
about three-quarters of an inch in length, for the attachment of the costo- 
clavicular ligament, by which the clavicle is fixed to the first rib. More laterally 
is a longitudinal groove for the subclaviue, bordered by two lips, to which the sheath 
of the muscle is attached. To the posterior of the two Hpa the layer of deep cer- 
vical fascia which binds down the posterior belly of the omo-hyoid to the clavicle 
is also attached. 



border Beparat^B the inferior sod post«rii 

Fia. 168.— The Left Ci 
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groove. It begins at the coatal tuberosity and can bo traced laterally as far aa the i:oracoid 
tubercle, an emineDce on the under aspect of the bone near the junction of prisnuktic and flat- 
tened portions. The ulterior border ia continuous with (he anterior border of the flattened 
portion and Be parates the anterior and inferior surf acea. Medially, it forma the lower boundary 
of the eUiptictu area for the origin of the pertHmliK major, and approachea the posterior border. 
Near the middle of the bone it coincides with the anterior lip of the subclavian groove. 

Flattened portion. — The lateral third of the bone, extending from a point 
opposite the coracoid process of the scapula to the acromial extremity, is flat- 

Fio. 169.— The Left Clavicle. (Inferior surface.) 
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tened from above downward and presents two surfaces and two borders. The 
superior surface is rough and looks directly upward and gives attachment to the 
trapeziuB behind and the deltoid in front; ttetween the two areas the surface is 
subcutaneous. On the inferior surface, near the posterior border. Is a rough 
elevation, the coracoid (conoid) tubercle; it overhangs the coracoid process and 
gives attachment to the conoid ligament. From the coracoid tubercle, a promi- 
nent ridge, the trapezoid or oblique line, runs laterally and forward to near 
the lateral end of the bone. To it the trapezoid ligament is attached. The 
conoid and trapezoid ligaments are the two parts of the coraco-clavicular liga- 
ment which binds the clavicle down to the coracoid process. 

The anterior border is aharp, gives origin to the deltoid muscle, and frequently preaenla 
near the junction of the flattened and priamatic portions a projection known aa the delbrid 
tubercle. The posterior border ia thick and rounded, and receives the insertion of the upper 
fibres of the trapeziua. 
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Extremities. — The sternal extremity of the clavicle presents a triangular 
articular surface, directed medially, downward, and a little forward, slightly 
concave from before backward and convex from above downward, which articu- 
lates with a facet on the upper border of the manubrium sterni through an 
interposed interarticular fibro-cartilage. 

Of the three angles, one is above and two below. The poslero-inferior angle is prolonged 
backward, and so renders this surface considerably larger than that with which it articulates; 
the superior angle receives the attachment of the upper part of the fibro-cartilage. The lower 
part of the suitace is continuous with a facet on tne under aspect of the bone, medial to the 
costal tuberosity, for the first costal cartilage. The circumference of the extremity is rou^, 
and gives attachment to the interclavicular ligament above and the anterior and postenor 
stemo-clavicular ligaments in front and behind. 

The acromial extremity presents a smooth, oval, articular facet, flattened or 
convex, directed slightly downward for the acromion; its border is rough, for the 
attachment of the capsule of the acromio-clavicular joint. 

Structure. — The clavicle consists externally of a compact layer of bone, much thicker in 
the middle and thinning out gradually toward the two extremities. There is no true medullary 

Fig. 170. — The Sternal Ends of Two Clavicles with Epiphyses. 
A, right clavicle from below and behind. B, left clavicle from below and behind. 

(From Royal College of Surgeons Museum.) 

sternal eiiipfaTies 




cavity, for the interior is occupied from end to end by cancellous tissue, the amount in the vari- 
ous pairts of the bone being in inverse proportion to the thickness of the outer compact shell 
Ossificatioii. — From observations made by F. P. Mall, D. C. L. Fitzwilliams, and E. Faw- 
cett it seems almost certain that there are two centres of ossification of the shaft of the clavicle, 
at the juncture of the middle and lateral thirds. They appear very early, about the fifth week 
of embryonic life, and rapidly fuse. The ossific process extends medially and laterally along the 
shaft toward the medial and lateral extremities, respectively. About the eighteenth year a 
secondary centre appears at the sternal end and forms a small epiphysis which joins the shaft 
about the twenty-nfth year. 

THE SCAPULA 

The scapula (figs. 171, 172) is a large flat bone, triangular in shape, situated 
on the dorsal aspect of the thorax, between the levels of the second and seventh 
ribs. Attached to the trunk by means of the clavicle and various muscles it 
articulates with the lateral end of the clavicle at the acromio-clavicular joint, 
and with the humerus at the shoulder-joint. The greater part of the bone con- 
sists of a triangular plate known as the bodyy from which two processes are 
prolonged: one anterior in position, is the coracoid; the other, posterior in posi- 
tion, is the spine, which is continued laterally into the acromion. 

The body presents for examination two surfaces, three borders, and three 
angles. The costal (anterior) surface, or venter, looks considerably medialward, 
is deeply concave, forming the subscapular fossa, and marked by several oblique 
lines which commence at the posterior border and pass obliquely upward and 
laterally; these lines or ridges divide the surface into several shallow grooves, 
from which the svbscapularis takes origin, whilst the ridges give attachment to 
the tendinous intersections of that muscle. The lateral third of the surface is 
smooth and overlapped by the subscapularis, whilst medially are two small flat 
areas in front of the upper and lower angles respectively, but excluded from the 
subscapular fossa by fairly definite lines and joined by a ridge which rims close 
to the vertebral border. The ridge and its terminal areas serve for the insertion 
of the serratus anterior (magnus). 

The dorsal (posterior) surface is generally convex and divided by a prominent 
plate of bone — the spine — into two unequal parts. The hollow above the spine 
is the supraspinous fossa and lodges the siipraspinatus muscle. The part below 
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the spine is the infraspinous fossft; it is three times as large as the supraapiuous 
fossa, is alternately concave and convex, and gives origin to the infraapinatia. 
The muscle is attached to its niedial three-fourths and covers the lateral fourth, 
without takiug origin from it. 

The infraspinous fossa does not extend as f ar aa the axillary border, but is limited laierally 
by a ridge — the oblique line — Which runs from the glenoid cavity — the large articular aurfaw 
for the head of the humerus — downward and backward to join the poBt«rior Dorder a ebort dis- 
tance above the inferior angle. This line, which ^ves attachment to a stout aponeurosis, cuU 
off an elongated surface, narrow above for the origin of the Itrea minor, and crosaed near iii 
middle by a groove for the circumflex (dorsal) artery of the scapula; below, the surface ia broader 
for the origin of the teres major and occasionally a few fibres of the latitsimiu dorti. The two 
areas are separated by a line which gives attachment to an aponeurotic septum situaUd 
between the two teres muscles. 



Coneo-ictomUl lifii 



Fio. 171. — The Left Scapula. (Dorsal surface.) 




The supra- and infraspinous fossae communicate through the great scqtular 
notch at the lateral border of the spine, and through the notch the suprascapular 
nerve and transverse scapular artery are transmitted from one fossa to the other. 

Borders.— The three borders of the scapula are named superior, vertebral, 
and axillary. The superior is short and thin and extends from the upper angle 
to the coracoid process. Laterally it presents a deep depression, the scapulJir 
notch, to the extremities of which the superior transverse ligament is attached. 

Nul infrequently Ihe notch ii replaced by a scapular (oramen, and it is intereaUniE to note 
that a bony foramen occurs normally in some animals, notably the great ant-eater (Hyrmtcn- 
phaga jnbala) . The notch or foramen transmits the suprascapular nerve, whilst the tranBver!>c 
scapular artery usually passes over the ligament. From the adjacent msrgina of the notch and 
from the Ugament the posterior belly of the oTtio-kyoid takes oripn. 
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The vertebral border (sometimes called the base) is the longest, and extends 
rom the upper or medial to the lower angle of the bone. It is divisible into three 
tarts, to each of which a muscle is attached: an upper portion, extending from 
he medial (superior) angle to the spine, for the insertion of the levator acapuicB; 
. middle portion, opposite the smooth triangular area at the commencement 
f the spine, for the TkonAoideua minor; and the lowest and longest portion, 
xtending below this as far as the inferior angle, for the rkombotdeus major, 
he attachment of which takes place through the medium of a fibrous arch. 

The axillary border is the thickest, and extends from the lower margin of 
he glenoid cavity to the inferior angle of the bone. Near its junction with the 
lenoid cavity there is a roi^h surface, about 2.5 cm. (1 in.) in length the in- 
raglenoid tubercle, from which the long head of the triceps arises, and below 



Fia. 172. — The Left Scapula. 



(Ventral surface.) 
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lie tubercle is the groove for the circumflex (dorsal) artery of the scapula, 
rhe upper two-thirds of the border is deeply grooved on the ventral aspect and 
^vea origin to a considerable part of the subscapularis. 

Angles. — ^The three angles are named medial, inferior, and lateral. 
The madul (or superior) angle, forming the higbest part of the body, is thin, emooth, and 
ither rounded or appro ximatiag a right angle. It is formed by the junction of the superior 
jid vertebral borders and gives insertion to a few fibres of the levator tcamila. The iuerloi 
jifle, constituting the lowest port of the body, is thick, rounded, and rough. It is formed by 
ha junction of axillary and vertebral borders, gives origin to the lerea major, and is crossed 



The lateral angle forms the expanded portion of the bone known as the head, 
tearing the glenoid cavity, and supported by a somewhat constricted neck. The 
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glenoid cavity is a wide, shullow, iiyrifunii, articular surfai;e fur the head of Uie 
humerus, directed forward and laterally, with the apex above and the broad end 
below. Its margin is raised, and affords attachment to the glenoid ligament, 
which deepens its concavity. The margin is not. however, of equal prominence 
throughout, being somewhat defective where It is overarched by the acromion, 
notched anteriorly, and emphasised above to form a small eminence, the BUpn- 
glenoid tubercle, for the attachment of the long head of the biceps. 

The circumference and Bdjoininp part of the neck give allachment to the articular capiuir 
of the Bhoulder-joint, and the antenor border to the three nccessory ligaments of the rapsule, 
known Bs the superior, middle, and inferior Kleno-humernl folds. The superior fold (Flood'* 
ligament) is attached above the notch near the upper end; of the two remaining folds, wbich 
together constitute Schlemm's ligament, the middle i» attached immediately above the notch 
and the inferior below the notch. In the recent stale the glenoid fossa is covered with hyalinr 
cartilage. The neck is more prominent behind than before and below than above, whera it 
supports the eoracoid propess. It is not separaled by any definite boundary from the body. 

Processes. — The spine is a strong, triangular plate of bone attached obliquely 
to the dorsum of the scapula and directed backward and upward. Its apex is 
situated at the vertebral border; the base, corresponding to the middle of the neck, 
is free, concave, and gives attachment to the inferior transverse ligament, which 
arches over the transverse scapular (suprascapular) vessels and suprascapular 
nerve. Of the two borders, one is joined to the body, whilst the other is free, 
forming a prominent subcutaneous crest. The latter commences at the vertebral 
border, in a smooth triangular area, over which the tendon of the trapeztuB glides, 
usually without the intervention of a bursa, as it passes to its insertion into a 
small tubercle on the crest beyond. Further laterally, this border is rough, and 
presents two lips — a superior for the insertion of the trapezius and an inferior for 
the origin of the deltoid. Laterally the crest is continued into the acromion. 

The spine has two surfaces, the superior, which also looks medialward and 
forward, is coni-ave, contributes to the formation of the supraspinous fossa, and 
gives origin to the supraspinalua muscle; the inferior surface, also slightly concave, 
is directed lateralward and backward, forms part of the infraspinous fossa, and 
affords origin to the infraspituUtis muscle. On both surfaces are one or more 
prominent vascular foramina. 

The acromion, a process overhanging the glenoid cavity, springs from the 
angle formed by the junction of the crest with the base of the spine. Somewhat 
crescentic in shape, it forms the summit of the shoulder and is compressed from 
above downward bo as to present for examination two surfaces, two borders, and 
two extremities. 

The posterior part sumelunes terminates laterally in a prominent acromial angle (meta- 
cromion) and the process then assumes u, more or less triangular form. Of the two extremities, 
the posterior is continuous with the spine, whilst the anterior forms the free tip. The ^per 
surface, direct«d upward, baekwsxd, and eligbtlv lateralward, is rough and convex, and aflords 
oripn at its lateral part to a portion of the deUoid; the remuning part of this surface is sub- 
cutaneous. The lower surface, directed downward, forwsxd, and slightly medialward, is con- 
cave and smooth. The medisj border, continuous with the upper bp of the crest, presents, 
from behind forward, an area for the insertion of the iTapetivi; a small, oval, concave articular 
fac«t for the lateral end of the clavicle^ the edges of which are rough for the acromio-clavicular 
ligaments; and, beyond this, the anterior extremity or tip, to whicc is attached the apex of the 
coraco-acromial ligament. The lateral border, continuous with the inferior lip of the ciest, is 
thick, conven, and presents three or four tubercles with intervening depressions; from the 
tubercles the tendinous septa in the acromial part of the drtloid arii^, and from the deprcuinns, 
some fleshy fibres of the same muscle. 

Projecting upward from the neck of the scapula is the coracoid process, bent 
finger-like,' pointing forward and laterally. It consists of two parts, ascending 
and horizontal, arranged at almost a right angle to each other. 

The amending part arises by a wide root, extends upward and medially for a short distance, 
and is compressed from before backward; it is continuous abo\-e with the horiionlal part and 
below with the neck of the scapula; the lateral border lies above the glenoid cavity and gives 
attachment to the coraco-humeralligaroent; the medial border, which formsihe lateral boundary 
of the scapular not«b, gives attachment to the c^inoid ligament above and the transverse Uga- 
nent below. Its anterior and posterior surfares are in relation with the tubtcapvlan* and 
tupratpinatui respectively. The horiaantal pari of the process runs forward and lat«ralwaTd; it 
is oompreaeed from above downward so as to present two borders, two surfaces, and a fi«« 
eottremitv. The medial border gives insertion along its anterior half to the ptrioralU minor and 
nearer tae base to the custo-coracoid membrane; the lateral border is rough for the eoreco- 
aerumial and niirnco-hunierDi ligaments; the upi)er surface is irregular and gives insertion in 
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todbehindto the trapeioid ligament; the inferior aurface is smooth 
and directeil toward tbe {glenoid cavity, which it overhangs; the free extremity or apex giTes 
origin to the conjoined eoraco^achialit and short bead of the bicrpg. 

The greater part of the body of the scapula and the central parts of the sptooua proceM 
are thin and transparent. The coracoid and acromion processes, the crest of the spine and ir- 



ierior angle, the liead, neck, and axillary border, are thick and opaaue. The young bone consiata 
o( two layers of compact tissue with an intervening cancellous layer, but in tbe transparent 
parts uf the adult bone the middle layer has disappeared. The vascular foramina on the costal 



surface transmit twi^ from the subscapular and transverse scapular (suprascapular) arteries; 
Uioee in the infraspmous fossa, twigs from the circumflex (dorsal) ana transverse scapular 
(suprascapular) arteries, the latter also ^ving off vessels which enter the fornmina in the supra* 
•pinous foasa. The acromion is supplied by branches from the thoraco-acroniial (acromio- 
tboracic) artery. 

The line oi atlachment of the spinous process to the dorsum of the scapula is known aa tbe 
morphalogical axis, and the obtuse angle in the subscapular fossa opposite the spine as the 



Fio. 173. — Ossification of the Scapula. 
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tubtcapuiar angle. From the ajds Ihree plates of bone radiate as from a centre, the prescapula 
forward, the mesoscapula laterally, and the poBtscapola backward, being named in accordance 
with the long axis of the body in the horizontal |>osition. In the human subject the poslscapula 
is greatly developed, and this is aasociated with the freedom and versatility of movement 
poesessed by the upper limb. 

0»ai flea tion.— The scapula is osmfied from nine centres. Of these, two (for the body of the 
•capula and the coracoid) may be considered ae primary, and the remainder as secoadar;. 
The centre for the body appears in a plate of cartil^ near the neck of the scapula about the 
ei^tb week of intra-Uterine life, and quickly forms a triangular plate of bone, from which the 
ppine appears as a slight ridge about the middle of the third month. At birth the glenoid foeea 
and part of the scapular neck, the acromion and coracoid processes, the vertebral border and 
inferior angle, are cartilaDnoua. During tbe lirst year a nucleus appears for the coracoid, and 
at the tenth year a second centre appears for the base of the coracoid and the upper part of the 
ganoid cavitv (subcoracoid, fig. 173). 

During-the fifteenth year the coracoid unites with the scapula, and about this titne the other 
awondary centres appear. Two nuclei are depouled in the acromial cartilage, and fuse to form 
lbs ocromioo, which joins the spine at the twentieth year. The union of spine and acromiuii 
■nay be fibrous, hence the latter ia sometimes found separate in maceratea specimens. The 
eartilap along the vertebral border owiRes from two centres, one in the middle, and another at 
« inferior angle. A thin lamina is added along the upper surface of the coracoid process and 
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glenoid cavity is a wide, shallow, pyriform, articular surface for the head of the 
humerus, directed forward and laterally, with the apex above and the broad end 
below. Its margin is raised, and affords attachment to the glenoid ligament, 
which deepens its concavity. The margin is not, however, of equal prominence 
throughout, being somewhat defective where it is overarched by the acromion, 
notched anteriorly, and emphasised above to form a small eminence, the supra- 
glenoid tubercle, for the attachment of the long head of the biceps. 

The circumference and adjoining part of the neck give attachment to the articular capeule 
of the shoulder-joint, and the anterior border to the three accessory ligaments of the capsule, 
known as the superior, middle, and inferior gleno-humeral folds. The superior fold (Flood's 
ligament) is attached above the notch near the upper end; of the two remaining folds, which 
together constitute Schlemm's ligament, the middle is attached immediately above the nokh 
and the inferior below the notch. In the recent state the glenoid fossa is covered with hyaline 
cartilage. The neck is more prominent behind than before and below than above, where it 
supports the coracoid process. It is not separated by any definite boundary from the body. 

Processes. — The spine is a strong, triangular plate of bone attached obliquely 
to the dorsum of the scapula and directed backward and upward. Its apex is 
situated at the vertebral border; the base, corresponding to the middle of the neck, 
is free, concave, and gives attachment to the inferior transverse ligament, which 
arches over the transverse scapular (suprascapular) vessels and suprascapular 
nerve. Of the two borders, one is joined to the body, whilst the other is free, 
forming a prominent subcutaneous crest. The latter commences at the vertebral 
border, in a smooth triangular area, over which the tendon of the trapezius glides, 
usually without the intervention of a bursa, as it passes to its insertion into a 
small tubercle on the crest beyond. Further laterally, this border is rough, and 
presents two lips — a superior for the insertion of the trapezius and an inferior for 
the origin of the deltoid. Laterally the crest is continued into the acromion. 

The spine has two surfaces, the superior, which also looks medialward and 
forward, is concave, contributes to the formation of the supraspinous fossa, and 
gives origin to the supraspinatus muscle; the inferior surface, also slightly concave, 
is directed lateralward and backward, forms part of the infraspinous fossa, and 
affords origin to the infraspinatus muscle. On both surfaces are one or more 
prominent vascular foramina. 

The acromion, a process overhanging the glenoid cavity, springs from the 
angle formed by the junction of the crest with the base of the spine. Somewhat 
crescentic in shape, it forms the summit of the shoulder and is compressed from 
above downward so as to present for examination two surfaces, two borders, and 
two extremities. 

The posterior part sometimes terminates laterally in a prominent acromial angle (meta- 
cromion) and the process then assumes a more or less triangular form. Of the two extremities, 
the posterior is continuous with the spine, whilst the anterior forms the free tip. The upper 
surface, directed upward, backward, and slightlv lateralward, is rough and convex, and a£fordB 
origin at its lateral part to a portion of the deltoid; the remaining part of this surface is sub- 
cutaneous. The lower surface, directed downward, forward, and slightly medialward, is con- 
cave and smooth. The medial border, continuous with the upper Up of the crest, presents , 
from behind forward, an area for the insertion of the iravezius; a small, oval, concave articulaf 
facet for the lateral end of the clavicle^ the edges of which are rou^ for the acromio-clavicuhur 
ligaments; and, beyond this, the anterior extremity or tip, to which is attached the apex of th^ 
coraco-acromiaJ ligament. The lateral border, continuous with the inferior lip of the crest, i^ 
thick, convex, and presents three or four tubercles with intervening depressions; from th^ 
tubercles the tendinous septa in the acromial part of the deltoid arise, and from the depressions^ 
some fleshy fibres of the same muscle. 

Projecting upward from the neck of the scapula is the coracoid process, bent 
finger-like,^ pointing forward and laterally. It consists of two parts, ascending 
and horizontal, arranged at almost a right angle to each other. 

The ciacending part arises by a wide root, extends upward and medially for a short distance, 
and is compressed from before backward; it is continuous above with the horizontal part ana 
below with the neck of the scapula; the lateral border lies above the glenoid cavity and gives 
attachment to the coraco-humeral ligament; the medial border, which forms the lateral boundary 
of the scapular notch, gives attachment to the conoid ligament above and the transverse liga- 
ment below. Its anterior and posterior surfaces are in relation with the suhBcaptUarii and 
supraapinalus respectively. The horizontal part of the process runs forward and lateralward; it 
is compressed from above downward so as to present two borders, two surfaces, and a free 
extremitv. The medial border gives insertion along its anterior half to the pectoralis minor and 
nearer the base to the costo-coracoid membrane; the lateral border is rough for the coraco- 
acromial and coraco-humeral ligaments;_the upper surface is irregular and gives insertion in 
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{root to the veetoralu minor, and behind to the trapesoid lig&ment; the inferior surface ia smooth 
and directea toward the glenoid cavity, which it overhangs; the free extremity or apex ^ves 
origin to the conjoined eoraco-braehiolU and short head of the bicepi. 



ferior angle, the head, neck, and axillary border, are thick and opaque. The j^>ung bone consists 
of two layers of compact tissue with an intervening cancellous layer, but in the transparent 
parts of the adult bone the middle layer has disappeared. The vascular foramina on the costal 
surface transmit twi^ from the subscapular and transverse scapi^ar (suprascapular) arteries; 
those in the infraspinous fossa, twigs from the circumflex (dorsal) ana tranaveroe scapular 
(suprascapular) arleries, the latter also ^ving off vessels which enter the foramina in the supra- 
spinous foesa. The acromion is supplied by branches from the thoraco-acromial (acromio* 
thoracic) arteiy. 

The line of attachment of the spinous process to the dorsum of the scapula is known as the 
morphologies] axis, and the obtuse angle in the subscapular fossa opposite the spine as the 

Fio. 173. — Ossification op the ScappiiA. 
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nAteaputar anglt. From the axis three pistes of bone radiate as from a centre, the prescapuls 



forward, the mesoscspaU laterally, and the postscapula backward, being named in accordance 
Is of the body in the horizontal position. In the human subject the postsi 

i versatility of^ movement 



ostscapula 



with the long axis of the body in 
ia greatlv developed, and this 
posaeasea by the upper limb. 

Os ri i tca t too. — ^Tb« scapula is ossified from nine centres. Of these, two (for the body of the 
seapula and the tMracoid) may be considered as primtiy, and the remainder as secondary. 
Tlie centrv for the body appears in a plate of cartilage near the neck of the scapula about the 
si^tb week d intrsMiterine life, and quickly forms a triangular plate of bone, from which the 
Mpme appean as a slight ridge about the middle of the third montn. At birth the glenoid fossa 
sjid put <rf the scapular neck, the acromion and coracoid processes, the vertebral border and 
inferior angle, are cartilatwous. During the first year a nucleus appears for the coracoid, and 
at the tent£ year a second centre appears for the base of the coracoid and the upper part of the 
glaiMMd cavity (subcoracoid, fig. 173). 

During-tbe fifteenth year the coracoid unites with the scapula, and about this time the other 
sseondary centres appear. Two nuclei are deposited in the acromial cartilage, and fuse to form 
the acromion, which joins the spine at the twentieth year. The union of spine and acromion 
may ba fibrous, hence the latter is sometimes found separate in macerated specimens. The 
carulage_ along the vertebral border ossifies from two centres, one in the middle, and another at 
the inferior angle. A thin lamina is added along the upper surface of the coracoid process and 
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occauODslly another at the marpn of the glenoid cavity. These epiphyses join by the twontr* 
fifthyew. 

The occurrence of a special primary centre for the coracoid process is of morphological im- 
portance in that the process is toe representative of what in the lower vertebrates is a distioel 
eoraarid bone. This primarily takes part in the formation of the glenoid cavity and extendi 
medially to articulate with the sternum. In man and all the higher mammals only the latenl 
portion of the bone persists. 

THE HUMERUS 

The humerus (figs. 174, 175, 176) is the longest and largest bone of the upper 
limb, and extends from the shoulder above, where it articulates with the scapula, 



Fio. 174. — The Left Hcuerus. (Anterior view.) 
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to the elbow [cubitus] below, where it articulates with the two bones of the fore- 
arm [anti-brachium]. It is divisible into a shaft and two extremities; the upper 
extremity includes the head [caput], neck [collum], and two tuberosities — f^eat . 
and smaU; the lower extremity includes the articular surface with the sumtounting' 
fossffi in front and behind, and the two epicoodyles. 
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Upper eztremity. — The head forma a nearly bemispberical articular surface, 
cartila^^e-clad in the recent state and directed upward, medially, and backward 
toward the glenoid cavity. Below the head the bone is rough and somewhat 
constricted, constituting the anatomical neck, best marked superiorly, where it 
forms a groove separating the articular surface from the two tuberosities. The 
circumference of the neck gives attachment to the capsule of the shoulder-joint 
and the gleno-humeral folds, the upper of which is received into a depression near 
the top of the intertubercular (bicipital) groove. The lowest part of the capsule 

Fia. 175. — The I^ft Huuerub. (Posterior view.) 
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descends upon the humerus some distance from the articular ma^n. Laterally 
and in front of the head are the two tuberosities, separated by a deep furrow. The 
greAter tuberosity [tuberculum maj us] , lateral in position and reaching higher than 
the lesser tobero^^ [tuberculum minus], is marked by three facets for the 
1 of muscles: an upper one for the supraapinalua, a middle for the in- 
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fratpiTiatus, and a lower for the teres minor. The lesser tuberosity is situated is 
front of the head and is the more prominent of the two ; it receives the insertion of 
the subacapularis. The furrow between the tuberosities lodges the long tendon 
of the biceps and forms the commencement of the intertubercular (bicipital) 
groove, which extends downward along the shaft of the humerus. Between the 
tuberosities the transverse humeral ligament converts the upper end of the groove 
into a canal. In addition to the long tendon of the biceps and its tube of synovial 
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membrane, the groove transmits a branch of the anterior circumflex artery. 
Immediately below the two tuberosities the bone becomes contracted ana forms 
the surgical neck. 

The shaft or body [corpus humeri] is somewhat cylindrical above, flattened 
and prismatic below. Three borders and three surfaces may be recognised. 

Borders. —The anterior border commences above at the greater tuberosity, 
and its upper part, forming the crest of this tuberosity (crista tuberculi majoris]. 




THE HUMERUS 



149 



f receives the pedoralis major. Id the middle of the shaft it is rough and protiiiiient 
and gives insertion to fibres of the deltoid; below it is smooth and rounded, giving 
origiit to fibres of the brachialis, and finally it passes along lateral to the coronoid 
fossa to become continuous with the ridge separating the capitulum and trochlea. 
It separates the antero-medial from the antero-lateral surface. The lateral 
margiii extends from the lower and posterior part of the greater tuberosity to the 
lateral epicondyle. Smooth and indistinct above, it gives attachment to the 
teTfg minor and the lateral head of the triceps; it is interrupted in the middle by 
the groove for the radial nerve (musculo-spiral groove), but the lower third 
becomes prominent and curved laterally to form the lateral supracondylar 
ridge, which affords origin in front to the brachio-radialta and the extensor carpi 
radiaiis longits; behind to the medial head of the triceps, and between these 
muscles in front and behind to the lateral intermuscular septum. It separates 
the antero-lateral from the posterior surface. The medial border commences 
at the lesser tuberosity, forming its crest which receives the insertion of the 
Ures major, and continuing downward to the medial epicondyle. Near the 
middle of the shaft it forms a ridge for the insertion of the coraco-brackialis and 
presents a foramen for the nutrient artery, directed downward toward the 
elbow-joint. Below it forms a distinct medial supracondylar ridge, curved 
medially, which gives origin to the brachialis in front, the medial head of the 
tricepa behind, and the medial intermuscular septum in the interval between 
the muscles. This border separates the antero-medial from the posterior surface. 

FlO, 177. — A Diagram 
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Soifaces. — The antero-tateral surface is smooth above, rough in the middle, 
forming a large impression for the insertion of the deltoid, below which is the 
termination of the groove for the radial nerve. The lower part of the surface 
gives origin to the lateral part of the brackialis. The antero-medial surface is 
narrow above, where it forms the floor of the intertubercular (bicipital) groove, 
and receives the insertion of the latissimxts dcrsi. Near the junction of the upper 
and middle thirds of the bone the groove, gradually becoming shallower, widens 
out and, with the exception of a rough impression near the middle of the shaft 
for the coraco-brachialis, the remaining part of the antero-medial surface is fiat 
and smooth, and gives origin to the brachialis. 

Occasionntly. a prominent spine of bone, the supracoadrlar proceas, projects downward 
from the medial border about 5 cm. (2 in.) above tlje medial epioondyle. to which It is joined by 
a band of fibrous tissue. Through' the ring thus formed, which corresponds to the supracon- 
dylar foraman in many of the lower animala, the median nerve and braohial artery are trans- 
mitted, though in some cases it is occupied by the nerve alone. The process pvea origiD to the 
pronator lere», and may atTord insertion to a persistent lower part of the coraeo-briKhtalis. 

The posterior surface is obliquely divided by a broad shallow groove, which 
runs in a spiral direction from behind downward and forward and transmits the 
radial (musculo-spiral) nerve and the profunda artery. The lateral part of the 
surface above the groove gives attachment to the lateral head, and the part 
below the groove, to the medial head of the triceps. 

The lower extremity of the humerus is flattened from before backward, and 
: tenDioates below in a sloping articular surface, subdivided by a low ridge into the 
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trochlea and the capitulum. The trochlea is the pulley-like surface which extends 
over the end of the boue for articulation with the semilunar notch (great fflgmoid 
cavity) of the ulna. It is constricted in the centre and expanded laterally to form 
two prominent edges, the medial of which is thicker, descends lower, and forms a 
marked projection; the lateral edge is narrow and corresponds to the inteniil 
between the ulna and radius. Above the trochlea are two fossie: on the anterior 
surface is the coronoid fossat an oval pit which receives the coronoid process of 
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the ulna when the forearm is flexed ; on the posterior aspect is the olecranon fossa, 
a deep hollow for the reception of the anterior extremity of the olecranon in esrten- 
sion of the forearm. These fossie are usually separated by a thin, transluceot 
plate of bone, sometimes merely by fibrous tissue, so that in macerated specimens 
a perforation, the BUpratrochlear foramen, exists. The capitulum, or radial head, 
is much smaller than the trochlea, somewhat globular in shape, and limited to 
the anterior and inferior surfaces of the extremity. It articulates with the con- 
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:avity on the summit of the radius. The radial fossa is a slight depression on the 
rout of the bone, immediately above the capitulum, which receives the anterior 
idge of the bead of the radius in complete flexion of the forearm, whilst between 
:he capitulum and the troclilea is a shallow groove occupied by the medial margin 
>f the head of the radius. 

In the recent state the inferior orttculsr surface is covered witfa c&rtilaKe, the foBss ore lined 
iy synovial membrane, and their margins give attachment to the capsule of the elbow-joint. 
Ejecting OD either side from the lower end of the humerus are tbe two eplcondyles. The 
nediaJ one is targe and by far the more prominent of the two, rough in front and below, amooth 
■ehind, where there is a shallow groove for the ulnar nerve. The rough area serves for origin 
•I the pronaiar teret above, the common tendon of ori^ of the Jlexor carpi Todialia, pahnarit 
onfftu, fiexoT dif/itorum tablimia and fletor carpi idnarit in the middle, and the ulnar collateral 



■xlentor guiiUi diffili propriiu, txtenaor carpi vlnarit, and supintUor; to a depression near the outer 
nai^gin of the capitulum, the radial collateral ligament is attached, and from an area below and 
>ehind, the anconeus takes origin. 

Ardutectore. — ^The interior of the shaft of the humerus is hollowed out by a lorRe medullary 
lanal, whereas the extremities ore composed of cancellated tissue invested by a ttin compact 
^er. The arrangement of the cancellous tissue at the upper end of the humerus is shown 
a fig. 177, The Umellie converge to tbe axis of the bone and form a series of superimposed 
krehas which reach upward as for as the epiphysial line. In the epiphyses the spongy tissue 
iorms a fine network, the lamelke resulting from "pressure" being du'ected at right angles to 
the articular surface of the head and to the great tuberosity. 



Pia. 179. — The Head of the Humerus at the Sixth Year. (In section.) 




lot a branch of the anterior circumflex artery which supplies tbe head. The autrient artery of 
ihe shaft is derived from the brachial, and in many cases, an additional branch, derived from the 
ntrfunda artery, enters the foramen in the groove for the radial nerve (musculo-epiral groove) . 
The lower eitremity is nourished by branches derived from the profunda (suparmr profunda), 
the superior and inferior ulnar collateral (inferior profunda and anastomotic), and the recurrent 
tranches of the radial, ulnar, and interosseous arteries. 

Ouiltcation. — The humerus is gasified from one primary centre (diaphysial) and six seoond- 
uy centres (epiphysial). The centre for the shaft appears about the eighth week of intra- 
uterine life and grows very rapidly. At birth only the two extremities are cartilaginous, and 
theae ossify in the following manner: Single centres appear for the head in the first year, for 
(he greater tuberosity in the third year, and for the lesser tuberosity in the fifth year, though 
Mxnetimes the latter ossifies by an extension from the greater tuberosity. These three nuclei 
»>alesce at six years to form a single epiphysis, which joins the shaft about the twentieth year. 

The inferior extremity ossifies from lour centres: one for the capitulum appears in the third 
year, a second for the media! epicondyle in the fifth year, a third tor the trochlea in the tenth 
year, and a fourth for the lateral epicondyle in the fourteenth year. The nuclei for the capitu- 
(lUD, trochlea, and lateral epicondyle coalesce to form a single epiphysis which joins the shaft 
in the seventeenth year. The nucleus of the medial epicondyle joins the shaft independently 
St the age of eighteen years. 

A study of the upper end of the humeral shaft before its union with the epiphysis is of interest 
n relation to what is known as the neck of the humerus. The term necW is applied to three 



partA of this bone. The anatomical neck is the constriction to which the articular capsule ii 
oaainly attached, and its position is accurately indicated by the groove which lies internal to 
the tuberosities. The upper extremity of the humeral shaft, before its union with the epiphysis, 
lerminatM in a low three-aided pyramid, the surfaces of which are separated from one another 
ly ridgee. The medial of these three surfaces underlies the head of the bone, and the two 
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THE RADIUS 

The radius (figs, 180-185) is the lateral and shorter of the two bones of the 
forearm. Above, it articulates with the humeruBj below, with the carpus; and 
on the medial side with the ulna. It presents for examination a shaft and tvo 
extremities. 

The upper extremity, smaller than the lower, includes the head, neck, and 
tuberosity. The head [capitulum], covered with cartilage in the recent state, is 
a circular disc forming the expanded, articular end of the bone. Superiorly it 
presents the capitular depression [fovea capituli] for the reception of the capitulum 

Fio. 180. — The Left Ulna and Radic». (.Antero-medial view.) 
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of the humerus; its circumference [circumferentia articularis], deeper on the 
medial aspect, articulates with the radial notch (lesser sigmoid cavity) of the ulna, 
and is narrow elsewhere for the annular ligament by which it is embraced. Below 
the head is a short cylindrical portion of bone, somewhat constricted, and known 
as the neck. The upper part is surrounded by the ligament which embraces the 
head, and below this it gives insertion antero-latcrally to the supinator. Below 
the neck, at the antero-medial aspect of the bone, is an oval eminence, the radial 
tuberosity, divisible into two parts : a rough posterior portion for the insertion of 
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'Ddon of the biceps, and a smooth anterior surface in relation with a bursa 
IB situated between the tendonand the tuberosity. 

le body [corpus r&dii] or shaft is somewhat prismatic in form, gradually in- 
ng in size from the upper to the lower end, and slightly curved eo as to be 
ve toward the ulna. Three borders and three surfaces may be recognised, 
s borders, the medial or interosgeous crest [crista interosseaj is best markeA. 
aencing at the posterior edge of the tuberosity, its first part is round and in- 
ct, and receives the attachment of the obHque cord of the radius; it is con- 



Fio. 181. — The Left Vlsa and Radiub. (Poatero-lateral view.) 




An apoDcuio*!* ii nlUchMl t 
border (tcHB which th« flen 
eitcDiar cupi ulnuia, aod 
dicilorum Irofnddiil uiu 



d as a sharp ridge which divides near the lower extremity to become Continu- 
rith the anterior and posterior margins of the ulnar notch (sigmoid cavity), 
prominent ridge and the posterior of the two lower lines give attachment to 
dterosaeous membrane, whilst the triangular surface above the uhiar notch 
ires a part of the prormtor quadralus. The interosseous crest separates the 
from the dorsal surface. The volar border [mai^o volaris] runs from the 
-osity obliquely downward to the lateral side of the bone and then descends 
sally to the anterior border of the styloid process. The upper third, consti- 
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tutiag the oblique line of the radius, gives origin to the radial head of the fiaor 
digitorum svblimis, limits the insertion of the supinator above, and the ori^ 
of the flexor pollicis longus below. The volar border separates the volar from 
the lateral surface. The dorsal border extends from the back of the tuberosity to 
the prominent middle tubercle on the posterior aspect of the lower extremity. 
Separating the lateral from the dorsal surface, it is well marked in the middle 
third, but becomes indistinct above and below. 

Surfaces. — The volar (or anterior) surface is narrow and concave above; broad, 
flat, and smooth below. The upper two-thirds is occupied chiefly by the flexor 
poUieia longua and a little less than the lower third by the pronator quadratus. Neai 



Fia. 182, — Articular Facets on thb Lowbr End or Lkft Rapiub and Ulna. 
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the junction of the upper and middle thirds of the volar surface is the nutrient fora- 
men, directed upward toward the proximal end of the bone. It transmits > 
branch of the volar Interosseous artery. The lateral surface is rounded above 
and affords insertion to the supinator; marked near the middle by a rough, low, 
vertical ridge for the pronator teres; smooth below, where the tendons of the exten- 
sor carpi radialis longus and brevis lie upon it, and where it is crossed by the 
abdudor poUicia longus and extensor pollicis brevia. The dorsal (or posterior) 
surface, smooth and rounded above, is covered by the supinator; grooved longi- 
tudinally in the middle third for the abductor pollida longus and the extensor pollicis 



Fia. 183.— Dorsal View 
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brevis; the lower third is broad, rounded, and covered by tendons. The line which 
forms the upper limit of the impression for the abductor polUcia longus is known 
as the posterior oblique line. 

The lower extremity of the radius is quadrilateral; its carpal surface [facies 
articularis carpea] is articular and divided by a ri(^e into a medial quadrilateral 
portion, concave for articulation with the lunate bone; and a lateral triangular 
portion, extending onto the styloid process for articulation with the navicular 
(scaphoid) bone. The medial surface, also articular, presents the ulnar notch 
(sigmoid cavity) for the reception of the rounded margin of the head of the ulna. 
To the border separating the ulnar and carpal articular surfaces the base of the 
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articular diac is attached, and to the anterior and posterior borders, the anterior 
and posterior radio-ulnar ligaments respectively. The anterior surface is raised 
into a prominent area for the anterior ligament of the wrist-joint. The lateral 
Buzface is represented by the styloid process, a blunt pyramidal eminence, to the 
base of which the brachio^adialis is inserted, whilst the tip serves for the attach- 
ment of the radial (external) collateral ligament of the wrist. Its lateral surface 
is marked by two shallow furrows for the tendons of the abductor poUicis longus 
and exlentor poUicia brema. The posterior stuface is convex, and marked by three 
prominent ridges separating three furrows. The posterior annular ligament is 
attached to these ridges, thus forming with the bone a series of tunnels for the 
passage of tendons. 

Tbe most lateral is broad, ahaUow, and frequently Bubdivided by a low ridge. The lateral 
eubdivisioD is for the extentor carpi radiaiU longxM, the medial for the exUnior earj,i radialit 
The middle groove is narrow and deep for the tendon of the extensor poU\eu lorunu. 
■ - ^'-il is stall- ' ■ - - ■• • '- ■ - ■ 



The most medial is snallow and transmits the exttnsor indicia proprius, the ezUnaor digitcrvm 
eommunii, the dorsal branch of the interosseous artery, and the dorsal interoBaeoUH nerve. 
When the radius and ulna are articulated, an additional groove is formed for the tendon of the 
txttitsor ouirui diffiti propriui. 

Omncatjon. — The radius is ossified from a centre which appears in the middle of the shaft 
in the eighth week of intra-uterine life and from two epiphysial centres which appear after birth. 
The nudeuB for the lower end appears in the eecona year, and that for the upper end, which 
forms simply the diso-shaped head, in the fifth year. The head unites with tne shaft at the 
seventeenth year, whilst the inferior epiphysis and the shaft join about tbe twentieth year. 



The ulna (figs. 180, 181, 189} is a long, prismatic bone, thicker above than 
below, on tbe medial side of the forearm and parallel with the radius, which it 

Fio. 184. — Upper End op Left Ulna. (Lateral view.) 
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exceeds in length by the extent of the olecranon process. It articulates at the 
upper end with the humerus, at the lower end indirectly with the carpus, and on 
the lateral side with the radius. It is divisible into a shaft and two extremities. 
The upper extremity is of irregular shape and forms the thickest and strongest 
part of the bone. The superior articular surface is concave from above downward, 
convex from ^de to side, and transversely constricted near the middle. It belongs 
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partly to the olecranon, the thick upward projection from the shaft, and partly 
to the coroaoid process, which projects horizontally forward from the front of the 
ulna. This semilunar excavation forms the semUunar notch (greater sigmioid 
cavity) and articulates with the trochlear surface of the humerus. The olecranon 
is the large curved eminence forming the highest part of the bone. 

The superior surface of the olecranoa, uneven and somewhat quadrilateral in shape, receives 
behind, where there is a rough impresaioD, the insertion of the IrUeps, and along the antprior 
margin the articular capsule of the elbov-joint. The posterior surface, smooth and trianftulu 
in outline, is separated from the skin by a bursa. The anterior surface, covered with cartilajie 
ill the recent state, is directed downward and forward, and its margins give attachment to the 
articular capsule of the elbow-joint. This surface, as aheady noticed, forms the upper and bade 
part of the semilunar notch. On the medial surface of the olecranon is a tubercle for the origiQ 
of the ulnax head of the^czor carpi ulnaria, and in front of this a, fasciculus of the ulnar collateral 
ligament of the elbow-joint is attached to the bone; the lateral surface is rough, concave, and 
gives insertion to a part of the anconeus. The extremity of the olecranon lies during exIenaioD 
of the elbow in the olecranon fossa of the humerus. 




The coronoid process, forming the lower and anterior part of the semilunar 
notch, has a superior articular surface continuous with the anterior surface of the 
olecranon, and, like it, covered with cartilage. The inferior aspect is rough and 
concave, and gives insertion to the brachialis. 

It is continuous with the volar surface of the shaft, and near the junction of the two is a 
rough eminence, named the tuberosity of the ulna, which receives the attachment of the oblique 
cord of the radius and the insertion of the brachialis. The medial side presents above a smooth 
tubercle for the origin of the ulnar portion of the^e.rur digitorum sublimia, and a ridge below 
for the lesser head of the pronator tere» and the rounded accessory bundle of thejtcTor polUd* 
longus, whilst immediately behind the sublimis tubercle there is a triangular depreased suTfaee 
. (or the upper fibres of the Jlcxor digitorum pro/undiu. 
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On the lateral surface is the radial notch (leeser Bigmoid cavity), ao oblong 
articular surface which articulates with the circumfereuce of the head of the radius, 
the anterior and posterior margins of which afford attachment to the annular 
ligament and the radial collateral ligament of the elbow-joint. In flexion of the 
elbow the tip of the process te received into the coronoid fossa of the humerus. 

The body [corpus uIqsb] or shaft throughout the greater part of its extent is 
three-sided, but tapers toward the lower extremity, where it becomes smooth and 
rounded. It has three borders and three surfaces. Of the three borders, the 
Uteral, the interoBseous crest, is best marked. In the middle three-fifths of the 
shaft it is sharp and prominent, but becomes indistinct below; above it is contin- 
ued by two lines which pass to the anterior and posterior extremities of the radial 
notch and enclose a depressed triangular area (bicipital hollow), the fore part of 
which lodges the tuberosity of the radius and the insertion of the biceps tendon 
during pronation of the hand, while from the posterior part the supinator takes 
origin. The interosseous crest separates the volar from the dorsal surface and 
gives attachment by the lower four-fifths of its extent to the interosseous mem- 
brane. The volar border is directly continuous with the medial edge of the rough 
surface for the brachialis and terminates inferiorly in front of the styloid process. 



Fia. 186. — Upper End of Ulna Showing Two Epiphtses. (E. Fawcett.) 




Throughout the greater part of its extent it is smooth and rounded, and affords 
origin to the^exor digitorum profundus and the pronator quadrcUus. It separates 
the volar from the medial surface. The dorsal border commences above at the 
apex of the triangular subcutaneous area on the back of the olecranon, and takes a 
sinuous course to the back part of the styloid process. The upper three-fourths 
^ves attachment to an aponeurosis common to three muscles, viz., the flexor and 
extensor carpi ulnaris and the flexor digitorum profundus. This border separates 
the medial from the dorsal surface. 

Surfaces. — The volar (or anterior) surface ia grooved in the upper three- 
fourths of its extent for the origin of the flexor digitorum profundus, narrow and 
convex below, for the origin of the pronator quadratus. The upper limit of the 
area for the latter muscle is sometimes indicated by an oblique line — the pronator 
ridge. Near the junction of the upper and middle thirds of the anterior surface is 
the nutrient foramen, directed upward toward the proximal end of the bone. It 
transmits a branch of the volar interosseous artery. The medial surface, smooth 
and rounded, gives attachment, on the upper two-thirds, to the flexor digitorum 
profundus, whereas the lower third is subcutaneous. The dorsal (or posterior) 
surface, directed laterally as well as backward, presents at its upper part the 
oblique line of the ulna running from the posterior extremity of the radial notch 
to the dorsal border. 
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The oblique line gives attachment to a few fibres of the aupinalor and marks off the posterior 
Burtoce into two unequal parts. That above the line, much the smaller of the two, receives the 
insertion of the anconeus. The mors extensive part below is subdlTided bv a vertical ridgg 
into a medial portion, smooth, and covered bv the exientor carpi ulnaris, ana a lateral portion 
which gives origin to three muscles, vis., the abductor poUidt Umffua, the txtentor •pottiei* itmgiu 
and the txtengor imJicis propriut, &om above downward. 

The lower extremity of the ulna is of small size and consists of two parts, the 
head and the styloid process, separated from each other on the inferior surface by a 
groove into which the apex of the articular disc is inserted. That part of the head 
adjacent to the groove is semilimar in shape and plays upon the articular disc 
which thus excludes the ulna from the radio-carpal or wrist-joint. The margin of 
the head is also semilunar, and is received into the ulnar notch of the radius. The 
stjdoid process projects from the medial and back part of the bone, and appears 
as a continuation of the dorsal border. To its rounded summit the ulnar collateral 
ligament of the wrist-joint is attached, and its dorsal surface is grooved for the 
passage of the tendon of the extensor carpi ulnaris. Immediately above the 
articular margin of the head the anterior and posterior radio-ulnar ligaments are 
attached in front and behind. 

Fio. 187.— The Left Radius and Ulna in Pronation. (Anterior view.) 



Ossiflcation. — The ulna is ossified from three centres. The primary nucleus appeara near 
the middle of the shaft in the eighth week of intra-uterine life. At birth the inferior cxtrenutjr 
and the greater portion of the olecranon are cartilaginous. The nucleus for the lower end ap- 
pears during the fourth year and the epiphysis joins with the shaft from the eighteenth to the 
twentieth year. The greater part of the olecranon is ossified from the shaft, but an epiphysis 
is subsequently formed from a nucleus which appears in the tenth year. 

The epiphysis varies in size, and may be either scale-like and form a thin plate on the sum- 
mit, or involve the upper fourth of the olecranon and the corresponding articular surface. In 
the latter case the epiphysis is probably composed of two parts fused together; (1) The scale 
on the summit of the olecranon process, and (2) the beak centre which enters into the forination 
of the upper end of the semilunar notch (sec fig. 186] , The epiphysis unites to the shaft in the 
■ixteentn or seventeenth year. 
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THE CARPUS 

The carpus (figs. 188, 180) conBists of eight boneB, arranged in two rows, four 
bones in each row. Enumerated from the radial to the ulnar side, the bones of 
the proximal row are named navicular (scaphoid), lunate (semilunar), trii^uetral 
(cuneiform), and pisiform; those of the distal row, greater multangular (trape- 
zium), lesser multangular (trapezoid), capitate (os magnum), and hamate 
(unciform) . 

When the bones of the carpus are articulated, they form a mass somewhat quad- 
rangular in outline, wider below than above, and with the long diameter ^ans- 
VCTse. The dorsal surface is convex and the volar surface concave from side to 
side. The concavity is increased by four prominences, which project forward, one 

Fia. 188. — BoNBB or the Lbvt Hand. (Dorsal surface.) 




from each extremity of each row. On the radial side are the tuberosity of the 
navicular and the ridge of the greater multangular; on the ulnar side, the pisiform 
and the book of the hamate. Stretched transversely between these proaainences, 
in the recent state, is the transverse carpal ligament forming a canal for tHi pass^^ 
of the flexor tendons and the median nerve into the palm of the hand. The proxi- 
mal border of the carpus is convex and articulates with the distal end of the 
radius and the articular disc. The pisiform, however, takes no share in this ar- 
ticulation, being attached to the volar surface of the triquetral. The distal border 
forms an undulating articular surface for the bases of the metacarpal bones. The 
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line of articulation between the two rows of the carpus is concavo-convex from »de 
to side, the lateral part of the navicular being received into the concavity formed 
by the greater multangular, lesser multangular, and capitate, and the capitate 
and hamate into that formed by the navicular, lunate, and triquetral bones. 



— BoNSB OF THE Left Hand. 

h obUqnai 



(Volar surface.) 




The individual carpal bones have several points of resemblance. Each bone 
(excepting the pisiform) has six surfaces, of which the anterior or volar and poste- 
rior or dorsal are rough for the attachment of ligaments, the volar surface being 
the broader in the proximal row, the dorsal surface in the distal row. The supe- 
rior and inferior surfaces are articular, the former being generally convex and the 
latter concave. The lateral surfaces, when in contact with adjacent bones, are 
also articular, but otherwise rough for the attachment of ligaments. Further, 
the whole of the carpus is cartilaginous at birth and each bone is ossified from a 
Bingle centre. 

The Navicular 

The navicular [os naviculare] or scaphoid (&g. 190) is the largest bone of the 
proximal row, and so disposed that its long axis runs obliquely downward and 
lateralward. 
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into two parta by a ridge running from before backward. The lateral part articulates with the 
greater multangular, the medial with the lesser multangular. The volar suiface, rough and con- 
cave above, is elevated below into a promineat tubercle for tbe attachment of the transverse 
carpal ligament and the cAductor poUieia breirit. Tbe dorsal suriace is narrow, being reduced 



Fia. 190.— The Lbit N 




For CTMlar mnEtufulu- 



to a groove running the whale length of the bone; it is rough and serves for the attachment 
of the doraal radio-carpal Ugament. The medial surface is occupied by two articular facets, 
of which the upper is crescentic in shape for the lunate bone, whilst the lower is deeply concave 
for the reception of the head of the capitate. The lateral surface is narrow aud rough for the 
attachment of the radial collateral Ugament of the wrist-ioint. 

Articnlations.^With the radius above, greater and leaser multangular below, lunate and 
capitate medially. 

The Lunate 

The lunate [09 lunatum] or semiluaar (fig. 191), placed ia the middle of the 
proximal tow of the carpus, is markedly crescentic in outline. 

The superior surface is smooth and convex and articulates with the medial of the two facets 
on the distal end of the radius. The inferior surface presents a deep concavity divided into two 
parts h^ a line rimoin^ from before backward. Of theae, the lateral and larger articulates with 
the capitate; the medial and smaller with the hamate. The volar surface is large and convex. 



—The Left Lu\. 




the dorsal suiface narrow and flat, and both are rough for the attachment of ligaments. The 
medial surface ia marked by a smooth quadribtcrul facet for the base of the tnquetral. The 
lateral sorface- forms a narrow creacentic articular surface for the lunate. 

Articulations. — -With the radius above, capitate and hamate below, navicular laterally 
and triquetral medially. 

The Triquetral 

The triquetral [os triquetrum] or cuneiform (fig. 192) is pyramidal in shape 
and placed obliquely, so that its base looks upward and laterally and the apex 
downward and medially. 

Fig. 192. — The Left TRiaxjBTBAL. 



r the base a small, convex articular facet which 

^ ._, . . . n it and the distal end of the ulna, and medially 

a rbu^ non-articular portion for ligaments. The inferior surface forms a large, triangular 
undulating facet for articulation with the hamate. The volar surface can be readily recogniaed 
by the eonqpicuous oval facet near the apex for the pisiform bone. The doraal surface is rough 
for the attachment ot ligaments. The medial and lateral surfaces are represented by the base 
and the apex of the pyramid. The base is marked by a flat quadriluteriil facet for the lunate. 
The apttc f<Mrms the lowest part of the bone and is roughened for the attachment of the ulnar 
coilatCTal ligament of the wrist. 

ArticnUtiona. — With the pisiform in front, lunate laterally, hamate below, articuUu- disc 
above. 
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The Pisiform 

The pisiform [os pisiforme] (fig. 193), the smallest of the carpal bones, is in 
many of its characters a complete contrast to the rest of the series. It deviates 
from the general type in its shape, size, position, use, and development. Forming 
a rounded bony nodule with the long axis directed vertically, it is situated on a 
plane in front of the other bones of the carpus. 

Fig. 193.— The Left Pisiform. 

For triquetral- 




On the dorsal surface is a single articular facet for the triquetral which reaches to the upper 
end of the bone, but leaves a free non-articular portion below. The volar surface, rough and 
rounded, gives attachment to the transverse carpal ligament, the flexor carpi uLnarU^ the aJo- 
ductor quinti diffUif the piso-metacarpal and the piso-hamate ligaments. The median and lateral 
surfaces are also rough and the lateral presents a shallow groove for the ulnar arterv. It is 
usually considered that the pisiform is a sesamoid bone developed in the tendon of the flexor 
carpi ulnariSf though by some writers it is regarded as part of a rudimentary digit. 

The Greater Multangular 

The greater multangular [os multangulum majus] or trapeziiun (fig. 194), 
situated between the navicular and first metacarpal, is oblong in form with the 
lower angle prolonged downward and medially. 

Fia. 194. — The Left Greater Multangular. 

For navicular »*VAw^*i « * ^ • ^as^v^ 

flTOg ^JCT- Groove for flexor carpi radiaus 

For letser multancular m/l£itll^^^ 

wffMy^- -For first metacarpal 

For second metacarpal — WSKf 

The superior surface is concave and directed upward and medially for articulation with the 
lateral of the two facets on the distal surface of the navicular, and on the inferior surface is a 
saddle-shaped facet for the base of the first metacarpal. The volar surface presents a prominent 
ridge with a deep groove on its medial side which transmits the tendon of the flexor carpi radialis. 
The ridge gives attachment to the transverse carpal ligament, the abductor poUicis brevi8f the 
opponens poUiciSf and occasionally a tendinous slip of insertion of the abductor poUicis lonfus. 
The dorsal and lateral surfaces are rough for ligaments. The medial surface is divided into 
two parts by a horizontal ridge. The upper and larger portion is concave and articulates with 
the lesser multangular; the lower — a small flat facet on the projecting lower angle — articulates 
with the base of the second metarcarpal. 

Articulations. — With the navicular above, first metacarpal below, the lesser multangular 
and second metacarpal on the medial side. 

The Lesser Multangular 

The lesser multangular [os multangulum minus] or trapezoid (fig. 195), the 
smallest of the bones in the distal row, is somewhat wedge-shaped, with the 
broader end dorsally and the narrow end ventrally. 

Fig. 195. — The Left Lesser Multangular. 

Volar surface. 

For greater multaogtilai 
For tecond metacarpaJ 



The superior surface is marked bv a small, quadrilateral, concave facet, for the media 
of the two facets on the lower surface of the navicular. The inferior surface is convex from side 
to side and concave from before backward, forming a saddle-shaped articular surface for the 
base of the second metacarpal. Of the volar and dorsal surfaces, the former is narrow and rough, 
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thelatter broad and rounded, cooatituting the widest BUrfacb of the bone, and both are rough 
[<M' the attachment of ligameata. The lateral Buface slopee downward and medially and ia 
convex for articulation with the corresponding surface of the greater multangular. On the 



The Capitate 

The cftpttate [os capitatum] or os magnum (fig. 196) is the largest bone of the 
carpus. Situated in the centre of the wrist, the upper expanded portion, globular 
in shape and known as the head, is received into the concavity formed above by 
the navicular and lunate. The cubical portion below forms the body, whilst the 
intermediate constricted pari: is distinguished as the neck. 

Fio. 196.— The Left Capitate. 





Tot tatuth mcucarpil 



Of the six surfocee, the superior is smooth and convex, elongated from before backward 
for articulation with the concavity of the lunate bone. Tne inferior surface is divided into 
three unequal parts by two ridgea. The middle portion, much the larger, articulates with tlM 
base of the third metacarpal; the lateral, narrow and concave, looks lateral as well as downward 
to articulate with the second metacarpal, whilst the medial portion is a small facet, placed on the 
projecting angle of the bone dorsally, for the fourth metacarpal bono. The volar surface is 
convex and roush, giving origin to fibres of the obhque adductor poUicis; the dorscl aniface ia 
broad anddcep^' concave. The lateral surface presents, from above downward: — (1) a smooth 
convex surface, forming the outer aspect of the head, with the superior surface of which it ia 
continuous, for articulation with the navicular; (2) a groove representing the neck, indented 
for ligamentej [3) a small facet, flat and smooth, fur firiiculation with the leeaer multangular. 
Behind this facet is a rough area for attachment of an interosaeoua ligament. The medial 
anrfaca has extending along its whole hinder margin an oblong articular surface for the hamate; 
the lower part of this smooth area aometimes forma a detached facet. The volar part of th« 
surface ia rough for an interosseous ligament. 

Articulations. — With the lunate and navicular above, second, third, and fourth meta- 
carpals below, lesser multangular laterally, and hamate medially. 

The Hamate 

The hcjoate [os hamatimi] or unciform (fig. 197) is a large wedge-shaped bone, 
bearing a hook-like process, situated between the capitate and triquetral, with 
the base directed downward and resting on the two medial metacarpals. 

Fio. 187.— The Left Hamate. 




The apex of the wedge fotms the narrow superior lurfaee, directed upward and laterally 
for articulation with the lunate. The inferior surface or base is divided by a ridge into two 
quadrilateral facets for the fourth and fifth metacarpal bones. The volar surface is triangular 
in outline and preaent^ at its lower part a i>rominent hamulus (unciform process), a hook-like 
eminence, projecting forward and curved toward the carpal canal. It ia flattened from side 
to side BO as to present two surfaces, two borders, and a free extremity. To the latter the tran»- 
verae carpal liipunant and iixeHexor axrpi tUnaria (by means of the piso-hamato ligament) are 
attached, whilat the medial surface afforils origin to the fiexor brevia and theopponettM digili auinli. 
The lateral surface is concave and in relation to the flexor tendons. Tne dorsal s 



triangular and rough for ligaments. The lateral surface has extending along its upper and 
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hinder edges a lon^ flat surface, wider above than below, for articulation with the capitate. 
In front oi this articular facet the surface is rough for the attachment of an interosseous liga- 
ment. The medial surface is oblong and undulating, i. e., concavo-convex from base to apex, 
for articulation with the triquetral. 

Articulations. — With the triquetral, lunate, capitate, and the fourth and fifth metacarpal 
bones. 

Ossification of th£ Carpal Bones 

Capitate first year Greater multangular fifth year 

Hamate second year Navicular sixth year 

Triquetral third year Lesser multangular eighth year 

Lunate fourth year Pisiform twelfth year 

Additional carpal elements are occasionally met with. The os centrale occurs normallv in the 
carpus of many mammals, and in the human foetus of two months it is present as a small carti- 
laginous nodule which soon becomes fused with the cartilage of the navicular. Failure of 
fusion, with subsequent ossification of the nodule, leads to the formation of an os centrale in 
the human carpus which is then found on the dorsal aspect, between the navicular, capitate, 
and lesser multangular. In most individuals, however, it coalesces with the navicular or under- 
goes si^pression. 

An additional centre of ossification, leading to the formation of an accessory carpal element, 
occasionally appears in connection with the greater multangular and the hamate. An accessory 
element {oa Veaalianum) also occurs occasionally in the angle between the hamate and the fifth 
metacarpal, and others occur between the second and third metacarpals and the lesser multan- 
gular and capitate. 

THE METACARPALS 

The metacarpus (figs. 188, 189) consists of a series of five cylindrical bones 
[ossa metacarpalia], well described as Mong bones in miniature.' Articulated 
with the carpus above, they descend, slightly diverging from each other, to sup- 
port the fingers, and are numbered from the lateral to the medial side. With 
the exception of the first, which in some respects resembles a phalanx, they con- 
form to a general type. 

A typical metacarpal bone presents for examination a shaft and two extrem- 
ities. The body or shaft is prismatic and curved so as to be slightly convex 
toward the back of the hand. Of the three surfaces, two are latertd in position. 

Fig. 198. — The First (Left) Metacarpal. 



Radial side 




For greater 
multangular 




Ulnar side 



separated in the middle part of the shaft by a prominent palmar ridge, and con- 
cave for the attachment of interosseous muscles. The third or dorsal surface 
presents for examination a large, smooth, triangular area with the base below and 
apex above, covered in the recent state by the extensor tendons of the fingers, and 
two sloping areas, near the carpal extremity, also for interosseous muscles. The 
triangular area is bounded by two lines, which commence below in two dorsal 
tubercles, and, passing upward, converge to form a median ridge situated be- 
tween the sloping areas on either side. A little above or below the middle of the 
shaft, and near the volar border, is the medullary foramen, entering the bone 
obUquely upward. The base or carpal extremity, broader behind than in front, 
is quadrilateral, and both palmar and dorsal surfaces are rough tor ligaments; it 
articulates above with the carpus and on each side with the adjacent metacarpal 
bones. The head [capitulum] or digital extremity presents a large rounded ar- 
ticular surface, extending further on the palmar than on the dorsal aspect, for 
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articulation with the base of the first phalanx. The volar surface is grooved for 
the flexor tendons and raised on each side into an articular eminence. On each 
side of the head is a prominent tubercle, and immediately in front of this a well- 
marked fossa, to both of which the collateral ligament of the metacarpo-phalangeal 
joint is attached. 

Fia. 199. — The Second (Left) Metacarfal. 



Jot crsater moltuEuUi 




The second is the lonjtest of all the metacarpal bones, and the third, fourth, 
and fifth successively decrea.se in length. The several metacarpals possess dis- 
tinctive characters by which they are readily identified. 



lelytlai 



any of the others the palmar surface is directed inediBUy and marked 
Fio. 200.— The Third (Left) Metacarpal. 




by ft ridge placed oeaier to tbe medial border. The lateral portion of the aurface slopes Really 
to the lateral border and givee attachmeat to the ovvonena poUieis; tbe medial portion, the 
smaller of the two, alopee more abruptly to the oiedial border, is in relation to the aeep head of 
the JUxar polUeia bretrit, and presents the nutrient foramen, directed downward toward tbe 
bead of toe bone and tranemitting a branch of the arteria princepa poUicia. Tlie dorsal 
nrface, wide and flattened, ia in relation to the tendons of the cxltTttor potlidt longut and brevii. 
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The base presents a saddle-shaped articular surface for the greater multangular, prolonged in 
front into a thin process. There are no lateral facets, but laterally a small tubercle receivefl 
the insertion of the abdtuUor poUicia longus. Medially is a rouph area from which fibres of the 
inner head of the flexor poUicis brevia take origin. The mar^n of the articular surface gives 
attachment to the articular capsule of the carpo-metacarpal joint. The inferior extremity or 
head is rounded and articular, for the base of the first phalanx; the greatest diameter is from 
side to side and the surface is less convex than the corresponding surface of the other metacarpal 
bones. On the volar surface it presents two articular eminences corresponding to the two 
sesamoid bones of the thumb. Of the two margins, the medial pives origin to the lateral 
head of the first dorsal interosseous, the lateral receives fibres of insertion of the opponens poUicU, 

Fig. 201. — The Fourth (Left) Metacarpal. 



Radial side 



For third meUcarpAl , 
For capitate 




Ulnar side 



For fifth metacarpal 



The second metacarpal (fig. 199). — The distinctive features of the four remaining meta- 
carpals are almost exclusively confined to the carpal extremities. The second is easily recog- 
nised by its deeply cleft base. The terminal surface presents three articular facets, arranged 
as follows, from lateral to medial border: — (1) a small oval facet for the greater multangular; (2) 
a hollow for the lesser multangular; and (3) an elongated ridge for the capitate. The dorsal 
surface is rough for the insertions of the extensor carpi radialislongus and a part of the extensor 
carpi radialis brevis; the palmar surface receives the insertion of the flexor carpi radialis and 
gives origin to a few fibres of the oblique adductor poUicis, The lateral aspect ol the extremity 
is rough and non-articular; the medial surface bears a bilobed facet for the third metacarpal. 



Fig. 202. — The Fifth (Left) Metacarpal. 



Radial side 



Fourth metacarpal 




Ulnar tide 



The shaft of the second metacarpal gives attachment to three interosseous muscles, and the 
nutrient foramen, directed upward on the ulnar side, transmits a branch of the second volar 
metacarpal artery. 

The third metacarpal (fig. 200) is distinguished by the prominent styloid process projecting 
upward from the lateral and posterior angle of the base. Immediately below it, on the dorsal 
surface, is a rough impression for the extensor carpi radialis brevis. The carpal surface is 
concave behind and convex in front, and articulates with the middle of the three facets on the 
inferior surface of the capitate. On the lateral side b a bilobed articular facet for the second 
metacaroal, and on the medial side two small oval facets for the fourth metacarpal. The volar 
§pect of the base is rough and gives attachment to fibres of the oblique adductor poUicis and 
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oes & slip of insertion of the flexor carpi raduUia. The shaft of the tiurd metacupal 
Tor the orifpn of the tranBvarae addaetor poUvcu luid two tnteroaieou* musclee. The 
t foramen la directed upward on the radial side and transmits a branch of ttM second 
letacanial artery. 

3 fourth metfturpal (fig. 201) has a small base. The carpal surface presents two facets: 
di larse and flat, Cor artioulatioD with the hamate, and a small facet, at the lateral and 
ir angle, for the capitate. On the lat«ra) side are two small ovalfacets for the correspond* 
'aces OD the third metacarpal and a single concave facet on tlie medial side for the fifth 
rpal. The shaft of the fourth metacarpal gives attachment to three inltroaioyut muscles, 
I nutrient foramen, directed upward on the radial side, transmits a branch of the third 
letacarpal artery. 

) flfOi metacarpal (fig. 202) is distinguished bv a semilunar facet on the lateral side of 
} for the fourth metacarpal, and a rounded tuoerole on the medial Bde for the extensor 
Ittarit, in place of the usual medial facet. The carpal surface is saddle-ehaped for the 
; the palmar surface is rough for ligaments including the piso-metacarpal pralongation 
e flexor carpi uinarit. The dorsal surface of the shaft presents an oUiqut line separating 
J concave portion for the fourth dorsal intero»»eous muscle from a smooth meoial por- 
nred by the extensor tendons of the little finger. The palmar surface gives attachment 
y to the third palmar interotseoua muscle and medially to the opponent diffUi guinti. The 
t foramen is directed upward on the radial side and transmits a branch of the fourth 
letacarpal artery. 

THE PHALANGES 

e phalanges (&g. 203) are the bones of the fingers, and number in all fourteen. 
Snger consists of tbree phalanges distinguished as first or proximal, second 



ddle, and third or distal. In the thumb, the second phalanx is wanting, 
ged in horizontal rows, the phalanges of each row resemble one another 
iffer from those of the other two rows. In all the phalanges the nutrient 
ia directed downward, toward the distal extremity. 

t phalanx, — The shaft of a phalanx from the first row is flat on the palmar surface, 
i and rounded on the dorsal surface, i. e., semi'cyUndrical in shape. The borders of the 
surface are rough for the attachment of the sheaths of the flexor tendons. The base 
aearpal extremity presents a single concave articular surface, oval in shape, Ua ilm. 
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convex head of the metacarpal bone. The diat&I extremity forme a puUey-like surface, groovol 
in the centre and elevated at each aide to form two miniature condyles, for articulation witi 
the base of a second phalanx. 

Second phalanx. — The second phalanges are four in number and are shorter than those of 
the first row, which they closely resemble in form. They are distinguished, however, by the 
articular surface on the proximal extremity, which presents two shallow depressionB, separated 
by a ridge and corresponding to the two condyles of the first phalanx. The distal end fot^ 
base of the third phalanx is trochlear or pulley-like, but smaller than that of the first phaluu. 
The palmar surface of the shaft presents on each side an impiessionlfor the tendon of the fi^ 
digitorum aublimii, and the dorsal aspect of the base is marked by a projection for the insertion 
of the extemor difUorum communis. 

Third phalanx. — A third phalanx is readily recognised by its email size. The proumil 
end is identical in shape with that of a second phalanx, and bears a depression in front for the 
tendon of the fitxor digiiorum profurtdus. The free, flattened and expanded distal extremity 
presents on its palmar surface a rough semilunar elevation for the support of the pulp of tM 
finder. The somewhat horseshoe-shaped free extremity is known as the unKual tuberoiitj 
(tuoeroeitas unguicularis], and the bone is accordingly referred to as the ungual phalanx. 



Ossification of the Metacarpds and Phalanges 

Each of the metacarpal bones and phalanges is ossified from a primary centre for the greater 
part of the bone, and from one epiphysial centre. The primary nucleus appears from the eighth 
to the tenth week of intra-uterine life. In four metacaj^al bones the epipnyus is distal, wnilit 



Fio. 204. — Ossification of the Metacarfau 







in the first metacarpal bone, and in all the phalan(Ee:i, it is proximal. The epiphj-sial nuclei 
Bjtpear from the third to the fifth year and are united to their respective shafts about the twen- 
tieth year. In many cases the first metacarpal has two epiphyses, one for the base in the third 
year and an additional one for the head in the seventh year, but the latter is never so large as 
in the other metacarpal bones. The third metacarpal occasionally has an additional nucleus 
for the prominent styloid process which may remain distinct and form a Miyloid bone, and traces 
of a proximal epiphvaia have been observed in the second metacarpal bone. In many of the 
Cetacea (whales, dolphins, and porpoises) and in the seal, epiphyses aie found at both ends of 
the metacarpal bones and phalanges (Flower). 

The ossification of a terminal phalanx is peculiar. Like the other phalanges, it has a pii- 
mary nucleus and a secondary nucleus for an epiphysis. But whereas in other phalanges tbe 
primary centre appears in the middle of the shaft, in the case of the distal phalanges the earthy 
matter is deposited in the free extremity. 

Sesamoid Bones 

The sesamoid bones are small and rounded and occur imbedded in certain tendons where 
they exert a considerable amount of pressure on subjacent bony structures. In tbe hand five 
sesamoid bones are of almost constant occurrence, namely, two over the metacarpo-phalangeal 
joint of the thumb in the tendons of the flexor pollicia brevis, one over the interphalangeal joint 
of the thumb, and one over the metacarpo-phalangeal joints of the second and fifth fingers. 
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Occasionally sesamoids occur over the metacarpo-pbalangeal joint of the third and fourth digits, 
and an additional one ma^ occur over that of the fifth. 

Very rarely a sesamoid is developed in the tendon of the biceps over the tuberosity of the 
radius. 

B. THE BONES OF THE LOWER EXTREMITY 

The bones of the lower extremity may be arranged in four groups correspond- 
ing to the division of the limb into the hip, thigh, leg, and foot. In the hip is the 
coxal or hip-bone, which constitutes the pelvic girdle [cingulum extremitatis 
inferioris], and contributes to the formation of the pelvis; in the thigh is the femur; 
in the Ug, the tibia and fibula, and in ihefoot the tarsus, metatarsus, and phalanges. 
Associated with the lower end of the femur is a large sesamoid bone, the patella 
or knee-cap. 

THE COXAL BONE 

The coxal (innominate) bone or hip-bone [os coxse] (figs. 205, 206) is a large, 
irregularly shaped bone articulated behind with the sacrum, and in front with its 
fellow of the opposite side, the two bones forming the anterior and side walls of 
the pelvis. The coxal bone consists of three parts, named iliunii ischiuniy and 
pubiSy which, though separate in early life, are firmly united in the adult. The 
three parts meet together and form the acetabulum (or cotyloid fossa), a large, 
cup-like socket situated near the middle of the lateral surface of the bone for 
articulation with the head of the femur. 

The ilium [os ilium] is the upper expanded portion of the bone, and by its 
inferior extremity forms the upper two-fifths of the acetabulum. It presents for 
examination three borders and two surfaces. 

Borders. — When viewed from above, the thick crest [crista iliaca] or superior 
border is curved somewhat like the letter /, being concave medially in front and 
concave laterally behind. Its anterior extremity forms the anterior superior 
iliac spine, which gives attachment to the inguinal (Poupart's) ligament and the 
sartorius; the posterior extremity forms the posterior superior iliac spine and 
a£fords attachment to the sacro-tuberous (great sacro-sciatic) ligament, the pos- 
terior sacro-iliac ligament, and the muUifidus. The crest is narrow in the middle, 
thick at its extremities, and may be divided into an inner lip, an outer lip, and an 
intermediate line. About two and a half inches from the anterior superior spine 
is a prominent tubercle on its external lip. 

The external lip of the crest gives attachment in front to the tensor fascict lata; along its 
whole lengthy to the fascia lata; along its anterior half to the external ohlique; BkJid behind this, 
for about an inch, to the latissimus dorsi. The anterior two-thirds of the intermediate line 
gives origin to the internal oblique. The internal lip gives origin, by its anterior two-thirds, to 
the transversiu; behind this is a small area for the quadratus lumhorum, and the remainder 
is occupied by the sacro-spinalis {erector spina). The internal lip, in the anterior two-thirds, 
also serves for the attachment of the iliac fascia. 

The anterior border of the ilium extends from the anterior superior iliac spine 
to the margin of the acetabulum. Below the spine is a prominent notch from 
which fibres of the sariarius arise, and this is succeeded by the anterior inferior 
iliac spine, smaller and less prominent than the superior, to which the straight 
head of the rectus and the ilio-femoral ligament are attached. On the medial side 
of the anterior inferior spine is a broad, shallow groove for the ilio-psoas as it 
passes from the abdomen into the thigh, limited below by the ilio-pectineal 
eminence, which indicates the point of union of the ilium and pubis. 

The posterior border of the ilium presents the posterior superior iliac spine, 
and below this, a shallow notch terminating in the posterior inferior iliac spine 
which corresponds to the posterior extremity of the auricular surface and gives 
attachment to a portion of the sacro-tuberous (great sacro-sciatic) ligament. 
Below the spine the posterior border of the ilium iforms the upper limit of the 
greater sciatic notch. 

Surfaces. — The external surface or dorsum is concave behind, convex in front, 
limited above by the thick superior border or crest, and traversed by three gluteal 
lines. 
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The posterior gluteal line commencee at the crest about two inches from the poeterioi 
superior iliac spine and curves downward to the upper margia of the ^eater sdAtic notcL 

The space included between this ridge and the crest affords origin at its upper part to the 
gluteus maximum, and at its lower part, to a few fibres of the piriformii, while tne intermediate 
portion is smooth and free from muscular attachment. The ODterior gluteal line bogini at 
the creet, one inch behind its anterior superior iliac spine, and curves across the doieum to 
teTmicate near the lower end of tbe superior line, at the upper margjn of the greater scia^ 
notch. The surface of bone between this line and the crest is for the origin of the gltilai* 
medius. The inferior gluteal line commences at the notch immediately below tbe anterior 



Fig. 205. — The Left Coxal or Hip-bone. (Lateral irie«.) 
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superior iliac spine and terminates potileriorly at the front part of the greater sciatic notch- 
The space between the anterior and inferior gluteal lines, with the exception of a small area 
adjacent to the anterior end of tbe spine for the lenaor faaeUx lata, gives origin to the pJuteiu 
minimw*. Between the inferior gluteal line and the margin of the acetabulum the surface 
affords attachment to the capsule of the hip-joint, and on a rouRh area (sometimes a depression) 
toward its anterior part, to the reflected tendon o} the reclus femoria. 

The internal surface presents in front a smooth concave portion termed the 
iliac fossa, which lodges the iliacus muscle. The fossa is limited below by linea 
arcuata, the iliac portion of the terminal (ilio-pectineal) line. This is a rounded 
border separating the fossa from a portion of the internal surface below the line, 
which gives attachment to the obturator internus and enters into the formation of 
the minor (true) pelvis. Behind the iliac fossa the bone is uneven and presents 
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an aoricuUr surface, covered with cartilage in the recent state, for articulation 
with the lateral aspect of the upper portion of the sacrum; above the auricular 
surface are some depressions for the posterior sacro-iliac ligaments and a rough 
area reaching as high as the crest, from which parts of the sacrospinalis {erector 
gpiruB) and multibus take origin. The rough surface above the auricular facet is 
^own as the tuberosity of the ilium. 

The ischium [os ischii] consists of a body, a tubero^ty, and a ramus. The 
body, which has somewhat the form of a triangular pyramid, enters superiorly into 

Fia. 206. — The Lkft Coxal or Hip-bone. (Medial aspect.) 
QuadrittiM Inmboram 
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the formation of the acetabulum, to which it contributes a little more than two- 
fifths, and forms the chief part of the non-articular portion or floor. The inner 
surface forms part of the minor (true) pelvis and gives origin to the obiurotor in- 
temus. It is continuous with the ilium a little below the terminal (ilio-pectineal) 
hne, and with the pubis in front, the line of junction with the latter being fre- 
quently indicated in the adult bone by a rough line extending from the ilio-pec- 
tineal eminence to the mai^n of the obturator foramen. The outer surface in 
eludes the portion of the acetabulum formed by the ischium. The posterior sur- 
face is broad and bounded laterally by the margin of the acetabulum and behind 
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by the posterior border. The capsule of the hip-joint is attached to the lateral part 
and the piriformis, the great sciatic and posterior cutaneous nerves, the inferior 
gluteal (sciatic) artery, and the nerve to the quadraius femoris he on the surface 
as they leave the pelvis. Inf eriorly this surface is limited by the obturator groove, 
which receives the posterior fleshy border of the obturator extemus when the thigh 
is flexed. Of the three borders, the eztemali forming the prominent rim of t£e 
acetabulum, separates the posterior from the external surface and gives attach- 
ment to the glenoid lip. The inner border is sharp and forms the lateral 
boimdary of the obturator foramen. The posterior border is continuous with the 
posterior border of the ilium, with which it joins to complete the margin of the 
great sciatic notch [incisura ischiadica major]. The notch is converted into a 
foramen by the sacro-spinous (small sacro-sciatic) ligament, and transmits the 
piriformis muscle, the gluteal vessels, the superior and inferior gluteal nerves, the 
sciatic and posterior cutaneous nerves, the internal pudic vessels and nerve, and 
the nerves to the obturator intemus and quadraius femoris. Below the notch is 
the prominent ischial spine, which gives attachment internally to the coccygeus 
and levator ani, externally to the gemellus superior ^ and at the tip to the sacro- 
spinous ligament. Below the spine is the sniall sciatic notch [incisura ischiadica 
minor], covered in the recent state with cartilage, and converted into a foramen by 
the sacro-tuberous (great sacro-sciatic) ligament. It transmits the tendon of the 
obturator intemus^ its nerve of supply, and the internal pudic vessels and nerve. 

The rami form the flattened part of the ischium which runs first downward, 
then upward, forward and medially from the tuberosity toward the inferior 
ramus of the pubis, with which it is continuous. The rami together form an L- 
shaped structure with an upper vertical ramus [ramus superior] and a lower 
horizontal ramus [ramus inferior]. The outer surface of the rami gives origin to 
the adductor magnus and obturator extemus; the inner surface, forming part of the 
anterior wall of the pelvis, receives the crus penis (or clitoridis) and the ischio- 
cavemosus, and gives origin to a part of the obturator iniernus. Of the two borders, 
the upper is thin and sharp, and forms part of the boundary of the obturator 
foramen; the lower is rough and corresponds to the inferior ramus. It is some- 
what everted and gives attachment to the fascia of CoUes, and the transversiAS 
perinei. To a ridge immediately above the impression for the crus penis (or 
clitoridis) and the ischio-cavernosus, the urogenital trigone (triangular ligament) 
is attached. The posterior and inferior aspect of the superior ramus is an ex- 
panded area forming the tuberosity [tuber ischiadicum]. 

The tuberosity is that portion of the ischium which supports the body in the sitting posture. 
It forms a rough, thick eminence continuous with the inferior border of the inferior ramus, 
and b marked by an oblique line separating two impressions, an upper and lateral for the 
Bem%membrano9^i8f and a lower and medial for the common tendon of the biceps and semiiendir 
no8U9y while the lower part is markedly uneven and gives origin to the adductor magnus. The 
uj)per border gives origin to the inferior geviellvs; the inner border, sharp and prominent, re- 
ceives the sacro-tuberous (great sacro-sciatic) ligament, while the surface of the tuberosity 
immediately in front is in relation with the internal pudic vesseb and nerve. The outer 
border gives origin to the qiiadratus femoris. 

The pubis [os pubis] consists of a body and two rami — superior and inferior. 
The body is somewhat quadrilateral in shape and presents for examination two 
surfaces and three borders. The anterior siuface looks downward, forward and 
slightly outward, and gives origin to the adductor longuSy the adductor breviSy the 
obturator extemus^ and the gracilis. The posterior siuface is smooth, looks into 
the pelvis, and affords origin to the levator aniy the obturator internuSj and the pubo- 
prostatic ligaments. The upper border or crest of the body is rough and presents 
laterally a prominent bony point, known as the tubercle [tuberculum pubicum] 
or spine, for the attachment of the inguinal (Poupart's) ligament. The upper 
border extends from the pubic tubercle medialward to the upper end of the 
symphysis, with which it forms the angh of the pubis. The upper border is a 
short horizontal ridge, which gives attachment to the rectus abdominis sxApyram- 
idalis. The medial border is oval in shape, rough, and articular, forming with 
the bone of the opposite side the symphysis pubis [facies symphyseos]. The 
lateral border is sharp and forms part of the boundary of the obturator foramen. 

The inferior ramus, like the inferior ramus of the ischium, with which it is 
continuous, is thin and flattened. To its anterior surface are attached the 
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adductor braris, adductor magnus, and obturator exiemua. The posterior suiface 
is smooth and gives attachment to the cms penis or ditoridis, the sphincter urelkrcE 
(urogenitalis) , the obturator internus, and the urogenital trigone (triangular liga- 
ment). The lateral border forms part of the circumference of the obturator 
foramen, and the medial border forms part of the pubic arch and gives attach- 
ment to the gracilis. 

The superior ramus extends from the body of the pubis to the ilium, forming 
by ita lateral extremity the anterior one-fifth of the articular surface of the acetab- 
ulum. It is prismatic in shape and increases in size as it passes laterally. Above 
it presents a sharp ridge, the pecten or pubic portion of the terminal (iUo-pectineal) 
line continuous with the iliac portion at the ilio-pectineal eminence, and affording 



Fig. 207. — An Immature Coxal (Innomikatb) Bokb, showing a Cotyloid Bone. 




attachment to the conjoined tendon [falx aponeurotica inguinalia], the lacunar 
(Gimbemat's) ligament, the reflected inguinal ligament (fascia triangularis), 
and the pubic portion of the fascia lata; the iliac portion of the terminal (iUo- 
pectineal) line gives attachment to the psoas minor, the iliac fascia, and the pelvic 
fascia. Immediately in front of the pubic portion of the line is the pectineal 
mrface; it gives origin at its posterior part to the pectineus, and is limited below 
by the obturator crest, which extends from the pubic tubercle to the acetabular 
notch. The inferior surface of the ascending ramus forma the upper boundary 
of the obturator foramen and presents a deep groove [sulcus obturatorius] for the 
passage of the obturator vessels and nerve. The posterior surface is smooth, 
forms part of the anterior wall of the pelvic cavity, and gives attachment to a 
few fibres of the obturator iniernus, 

AccordJDg to the BNA, the body [corpus ossia pubiHl is the portion correspondiag to the 
acetabulum. The remainder of the bone is described as conHisting of the ramus superior and 
tbe ramtis inferior, which meet at the symph.vBls. Thus the divisions according to the BNA 
are different from those in the description aoove given. 

The acetabulum is a circular depression in which the head of tbe femur is 
lodged and consists of an articular and a non-articular portion. The articular 
portion is circumferential and semilunar in shape [facics lunata], with the defi- 
ciency in the lower segment. One-fifth of the acetabulum is formed by the pubis, 
two-fifths by the ischium, and the remaining two-fifths are formed by the ilium. 
In rare instances the pubis may be excluded by a fourth element, the cotyloid 
bone. The non-articular portion [fossa acetabuli) is formed mainly by the 
ischium, and is continuous below with the margin of the obturator foramen. 
Tbe articular portion presents a lateral rim to which the glenoid lip is 
attaefaed, and a medial margin to which the synovial membrane which excludes 
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the ligatnentum teres from the sjTiovial cavity is connected. The opposite 
extremities of the articular lunate surface which limit the acetabular notdi ue 
united by the transverse ligament, and through the acetabular foramen thus 
formed a nerve and vessels enter the joint. 

The obturator (thyreoid) foramen is s'tuated between the ischium and pub<E. 
Its margins are thin, and serve foi the attachment of the obturator membrane. 
At the upper and posterior angle it is deeply grooved for the passage of the obtu- 
rator vessels and nerve. 

Fio. 208.— The Pelvis of t 




Blood-sapply. — The chief vascul&r foramina of the coxal bone are found where the bone is 
thickest. Oa the inner eurface, the ilium receives tni^ from the ilio-lumbar, deep circumkx 
iliac, and obturator arteries, by foramina near the crest, in the iliac foua, and below the terminal 
line near the peater sciatic notch. On the outer eunace the chief foramina are found below 
the inferior ^teal line and the nutrient veBsels are derived from the gluteal arteriea. The 
ischium receives nutrient vessels from the obturator, internal and external circumflex arterieB, 
and the largest foramina are situated between the acetabulum and the ischial tuberouty. The 

fiubis is supplied by twigs from the obturator, internal and external circumflex artenes, and 
rom the pubic branches of the common femoral artery. 



Fig. 209. — Coxal or Hip-bone, showisg Skcondaby Centrbs. 
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OssiflcatiDD. — ^The cartilaginous representative of the hip-bone consists of three distinct 
portions, an iliac, an iachiatic, and a pubic portion; the iliac and ischiatic portions first unite 
and later the pubic portion, so that eventually there ia found a single cartilaginous maas. EbiIt 
in the second month a centre of ossification appears above the acetabulum for the ilium. A 
little later a second nucleus appears below the cavity for the ischium, and this is followed in 
the fourth month by a deposit in the pubic portion of the cartilage. At birth, the three nuclei 
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wa of coniiderable bu«, but ure Hurrounded by relatively wide tracts of carti)a«e; oasification 
has, however, extended into the mareia of the acetabulum. In the eighth year the rami of the 
pubis and iBcnium become united bv Done, and in the twelfth year the triraaiate cartiltwe which 
aoparatea the three Begmenta of the Done in the acetabulum beKina to oseify from aeveralcentres. 
Oi these, one ia more constant than the othere and is known as the acetabular nucleus. The 
trisiigular piece of bone to which it gives rise is regarded as the representative of the cotyloid 
or acetabular bone, constantly present in a few mammals. It is situated at the medial part of 
the acetabulum and is of sucn a size as to exclude entirely the pubis from the cavity. With 
this bone, however, it eveatually fuses, and afterward becomes joined with the ilium and 



Fio. 210. — CoxAL OK Hip-bone (Inner Surfack) at the Eighth Yeab. 




become united. In the fifteenth y .... . „ . . _ . 

ilium, the ant«rior inferior iliac spine, the tuberosity of the ischium, and the pubic pecten. The 
einphyses fuse with the main bone about the twentieth year. The fibrous tissue connected 
with the tubercle of the pubis represents the epipubic bones of marsupials. 

THE PELVIS 

The pelvis (figs. 211, 212, 213, 214) is composed of four bones: the two coxal 
or bip-bones, the sacrum, and the coccyx. The hip-bones form the lateral and 
anterior boundaries, meeting each other in front to form the pubic symphysis 
[symphysis ossium pubis]; posteriorly they are separated by the sacrum. The 
interior of the pelvis is divided into the major and minor pelvic cavity. 

The major (or false) pelvis is that part of the cavity which lies above the ter- 
minal (iliopectineal) lines and between the iliac fossse. This part belongs really to 
the abdomen, and is in relation with the hypogastric and iliac regions. 

The minor (or true) pelvis is situated below the terminal (ilio-pectineal) lines. 
The upper circumference, known as the superior aperture (inlet or brim) of the 
pelvis, is bounded anteriorly by the tubercle and pecten of the pubis on each side, 
posteriorly by the anterior margin of the base of the sacrum, and laterally by the 
terminal lines. The inlet in normal pelves is heart-shaped, being obtusely pointed 
in front; posteriorly it is encroached upon by the promontory of the sacrum. It 
has three principal diameters; of these, the antero-poeterior, called the conjugate 
diameter [conjugata], is measured from the sacro-vertebral angle to the symphysis. 
The transverse diameter represents the greatest width of the pelvic cavity. The 
oblique diameter is measured from the sacro-iiiac sj-nchondrosis of one side to the 
ilio-pectineal eminence of the other. 

The cavity of the minor (true) pelvi3 is bounded in front by the pubes, behind 
by the sacrum and coccyx, and laterally by a smooth wall of bone formed in part 
by the iliimi and in part by the ischium. The cavity is shallow in front, where it 
is formed by the pubes, and is deepest posteriorly. 
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The inferior aperture, or outlet, of the minor pelvis is very insular, and en- 
croached upon by three bony processes: the posterior process is the eoreyx, snd 
the two lateral proceases are the ischial tuberosities. They separate three notches. 
The anterior notch is the pubic arch, and is bounded on each side by the conjoined 
rami of the pubes and ischium. Each of the two remaining gaps, bounded by the 



ischium anteriorly, the sacrum and coccyx poaterioriy, and the ilium abo 
responds to the greater and leaser sciatic notches. These are converted into 
foramina by the sacro-tuberous (great sacro-sciatic) and sacro-spinous (small 
sacro-sciatic) ligaments. 





The baao of the a^uvum iu an avcrn^ pelvis lies uearly (eo centimetres (four inches) 
U[i|i0r margin of the Bymphyaia pubis. 

The axis of the pelvic — This is an imaKinary curved line drawn ihrough the nunor pelvia 
at right aujiies to the planes of the inlet, cavity, and outlet tlirough their central pointa. 

As the posterior wall, formed by sacrum and coccyx, is nearly five inches loni; and cunwrtr 

and the anterior wall at the symphysis pubis one one and a half It 

that the axis must be curved. 



e and a half to Iwu inches long, it fol 
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The average meuaurementa of the diameters of the 
ipven below : — 
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I. 213.— Male Peuis 



Fig. 2H. — Female Pelvis. (Lateral v 




r,4 IE, however, a diSerence between the sexea, the dinmeters of the mate pelvis io 
KVeraging slightly less, and those uf the female slightly greater than the figures above 

Differeace* accordins to sex. — There is a marked differenee in the site and form of the 
male and female pelviw, the pecvilarities of the latter being necessary to qualify it for its func- 
tions in parturition. The various points of divergence may be tabulated as follows: — 



r 



Male. 

Bones heavier and rougher. 
Ilia less vertical. 
Iliac fosssB deeper. 
Major pelvis relatively wider. 
Minor pelvis deeper. 

Superior aperture more heart-shaped 
^mphyHis deeper, 
"niherosities of ischia inflexed. 
Pubic angle narrow and pointed. 
Margius of ischio-pubic rami more e' 
Obturator foramen oval. 
Sacrum narrower and more curved. 
Capacity of minor pelvis less. 



Female. 
Bones more slender. 
Ilia more vertical. 
Iliac iosas shallower. 
Major pelvis relatively narrower. 
Minor pelvis shallower, 

Superior apeHure more oval. 
Symphysis shallower, 
iiiberositiea nf ischia everted. 
Pubic arch wider and more rounded. 
Margins of ischio-pubic rami less everted. 
Obturator foramen triangular. 
Sacrum wider and less curved. 
Capacity of minor pelvis greater. 



The sexual characters of the pelvis as shown by A. Thomson are manifest as early as the 
fourth month of fcetal life. 

Quite recently attention has been drawn by D. Derry to some special points in which the 
OS coxic differ in the two sexes, and two figures are shown hero in which one of these points is 
clearly brought out. It wilt be seen that the great sciatic notch is larger in the female, and 
tlut the sacrum projects less forward at its apex. Moreover the facies auricularis is smaller 
whilst below and in front of this surface, the lulcu* yrtauricalarit, a depression for the attaoh- 
inent of the Hgamenta Konoiliaca anUriora, is usuhIIv more pronounced. 

In comparison with thejwlves of lower animals, which, speaking generally, are elongated 

and narrow, the human pelvis is characterised by its breadth, shallowness, and great capacity. 

Differences are also to be recognised in the form of the pelvis in the various races of mankind, the 

oat important being the relation of the aniero-poeterior to the transverse diameter, measured 

the inlet. This is expressed by the petotc index — -- - — --r. 

transverse diameter 
In the average European male the index is about 80; in the lower races of mankind, dO to 95. 
iWu with an index below 90 are plalypeUic, from 90 to 05 are me»aiiiieUic, and above 95 
(Sir William Turner.) 
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THE FEMUR 

The femur or thigh bone (figs. 215, 216) is the largest and longest bone in the 
skeleton, and transmits the entire weight of the trimk from the hip to the tibia. 
In the erect posture it inclines from above downward and medially, approaching 
at the lower extremity its fellow of the opposite side, but separated from it above 
by the width of the true pelvis. It presents for examination a superior extremity, 
including the head, neck, and two trochanters, an inferior extremity, expanded 
laterally into two condyles, and a shaft. 

The upper extremity is surmounted by a smooth, globular portion called the 
head, forming more than half a sphere, directed upward and mediaUy for articu- 
lation with the acetabulum. With the exception of a small rough depression, the 
fovea, for the ligamentum teres, a little below and behind the centre of the head, 
its surface is covered with cartilage in the recent state. The head is connected 
with the shaft by the neck, a stout rectangular column of bone which forms with 
the shaft, in the adult, an angle of about 125*. Its anterior surface is in the same 
plane with the front aspect of the shaft, but is marked off from it by a ridge to 
which the capsule of the hip-joint is attached. The ridge, which commences at 
the great trochanter in a small prominence, or tubercle, extends obliquely down- 
ward, and winding to the back of the femur, passes by the lesser trochanter and 
becomes continuous with the medial lip of the linea aspera, on the posterior aspect 
of the shaft. This ridge forms the intertrochanteric line or spiral line of the femur. 
The intertrochanteric line receives the bands of the ilio-femoral thickening of the 
capsule of the hip-joint. The posterior surface of the neck is smooth and concave 
and its medial two-thirds is enclosed in the capsule of the hip-joint. The superior 
border of the neck, perforated by large nutrient foramina, is short and thick, and 
runs downward to the great trochanter. The inferior border, longer and narrower 
than the superior, curves downward to terminate at the lesser trochanter. 

The trochanters are the prominences which afford attachment to the rotator 
muscles of the thigh; they are two in number — great and lesser. 

The great trochanter is a thick, quadrilateral process surmounting the junction 
of the neck with the shaft, and presents for examination two surfaces and four 
borders. The lateral surface is broad, rough, and continuous with the lateral 
surface of the shaft. It is marked by a diagonal ridge running from the postero- 
superior to the antero-inferior angle, which receives the insertion of the gluteus 
medius. The ridge divides the surface into two triangular areas : an upper, cov- 
ered by the gluteus medium, and occasionally separated from it by a bursa, and a 
lower, covered by a bursa to permit the free gliding of the tendon of the gluteus 
maximus. Of the medial surface the lower and anterior portion is joined with 
the rest of the bone; the upper and posterior portion is free, concave, and presents 
a deep depression, the trochanteric or digital fossa, which receives the tendon of 
the obturator externum. The fore part of the surface is marked by an impression 
for the insertion of the obturator internum and two gemelli. 

Of the four borders, the superior, thick and free, presents near the centre an oval mark for 
the insertion of the piriformis; the anterior border, broad and irregular, receives the gluteuM 
minimus; the posterior border, thick and rounded, is continuous with the intertrochiinteric 
crest, the prominent ridge uniting the two trochanters behind. Above the middle of this line is 
an elevation, termed the tubercle of the quadratus, for the attachment of the upper part of the 
quadratus femoris. The inferior border corresponds with the line of junction of tne base of 
the trochanter with the shaft; it is marked by a prominent ridge for the origin of the upper part 
of the vastus lateralis. 

The lesser trochanter is a conical eminence projecting medially from the poste- 
rior and medial aspect of the bone, where the nock is continuous with the shaft. 
Its summit is rough and gives attachment to the tendon of the iliopsoas. The 
fibres of the iliacus extend beyond the trochanter and are inserted into the surface 
of the shaft immediately below. 

The body or shaft of the femur is almost cylindrical, but is slightly flattened in 
front and strengthened behind by a projecting longitudinal ridge, the linea aspera, 
for the origin and insertion of muscles. The linea aspera extends along the middle 
third of the shaft and presents a medial lip and a lateral lip separated by a narrow 
interval. When followed into the upper third of the shaft, the three parts diverge. 
The lateral lip becomes continuous with the gluteal tuberosity and ends at the 
base of the great trochanter. The ridge affords insertion to the gluteus maxifnus, 
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Fig. 215. — The Left Femur. (Anterior view.) 
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Tia. 216. — The Left Fmina. {Poet«rior view.) 
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and when very prominent b termed the third trochanter. The medial lip curves 
medialward below the lesser trochanter, where it becomes continuous with the 
intertrochanteric line; the intervening portion bifurcates and is continued upward 
as two lines, one of which ends at the small trochanter, and receives some 
fibres of the iliacus, whilst the other is the linea pectinea and marks the insertion 
of the pectineus muscle. 

Toward the low^r third of the shaft the medial and lateral lips of the linea 
aspera again diverge, and are prolonged to the condyles by the medial and lateral 
supra-condylar lines, enclosing between them a triangular surface of bone, the 
popliteal siMace [planum popliteum] of the femur, which forms the upper part of 
the floor of the popliteal space. The lateral line is the more prominent and ter- 
minates below in the lateral epicondyle. The medial one is interntpted above, 
where the femoral vessels are in relation with the bone, better marked below, 
where it terminates in the adductor tubercle, a small sharp projection at the sum- 
mit of the medial epicondyle, which affords attachment to the tendon of the ad- 
ductor magnus. 

Fia. 217.— A DiAOBAM to s 




From the medial lip of the linea ttBpera and the lower p&rt of the intertroch&nttrie line 
wises thenutus mtdialia (internus), and from the lateral lip and the side of the gluteal ridge 
arises the twslui lateratu (externus). The adduetor magnus is inserted into the medial lip of 
the linea aspera, from the medial aide of tbe gluteal tuberosity above, and the medial supra- 
condylar line below. Between the addiictar magnug and vaelut medioit* (internus) four muscles 
are attached: tbe pecltn«u« and iiiacut above, then the adductor brtnt, and lowest of all, tbe 
adductor lonffux. Above, in tbe interval between the adductor magnus and the vaslUB lateralit 
(externus), the gluleua maximua is inserted; in the interval lower down is the! short bead of 
tbe bUept, taking orips from the lower two-thirds of the lateral] lip of the linea aspera and tbe 
upper two-tbirds of the lateral supra-condylar line. On the popliteal surface of the bone, just 
above the condyles, are two rough areas from which fibres of the two heads of the gattrocnemUu 
take origin. Above the area for tbe lateral bead of the gastrocnemius is a sli^t roughness for 
the ptantaria. 

For purposes of description it is convenient to regard the shaft of the femur as 
presenting anterior, medial, and lateral surfaces, although definite borders separat* 
ing the surfaces from one another do not exist. All three surfaces are smooth 
and the anterior is not separated from the lateral by ridges of any kind. In the 
middle third of the shaft the medial and lateral surfaces approach one another 
behind, being separated by the linea aspera. 
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The shaft ia overlapped on its medial side by the vaHu9 meduUis (intemuB), and 
on its lateral side by the vastus lateralis (externus). The upper three-fourths of 
the anterior and lateral surfaces afford origin to the vastus irUermedius (crureiu), 
and the lower fourth of the anterior surface, to the articularis genu (sub-crureus). 
The medial surface is free from muscular attachment. 




Antulot inifu* 




Pio. 220. — The Fehdr at Bibth. 
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The lower extremity presents two cartilage-covered eminences or condytei, 
separated behind by the intercondyloid fossa. The lateral condyle is wider 
than its fellow and more prominent anteriorly; the medial condyle is narrower, 
more prominent, and longer, to compensate for the obliquity of the shaft. When 
the femur ia ia the natural position, the inferior surfaces of the condyles are on the 
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same plane, and almost parallel, for articulation with the upper surfaces on the 
head of the tibia. The two condyles are contiouous in front, forming a smooth 
trochlear surface [facies patellaris] for articulation with the patella. This surface 
presents a median vertical groove and two convexities, the lateral of which is 
wider, more prominent, and prolonged farther upward. The patellar surface is 
faintly marked off from the tibial articular surfaces by two irregular grooves, 
best seen while the lower end is still coated with cartilage. The lateral groove 
coDomences on the medial margin of the lateral condyle near the front of the 
intercondylar fossa, and extends obliquely forward to the lateraj margin of the 
bone. The general direction of the medial groove is from front to back, turning 
medially in front and extending backward as a faint ridge which marks off from the 
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rest of the medial condyle a narrow semilunar facet for articulation with the 
medial perpendicular facet of the patella in extreme flexion. The grooves receive 
the semilunar menisci in the extended position of the joint. The tibial surfaces 
are ahnoat parallel except in front, where the medial turns laterally to become 
continuous with the patellar surface. 

The opposed surfaces of the two condyles form the boundaries of the inter- 
condylar fossa and give attachment to the crucial ligaments which are lodged 
within it. The posterior crucial ligament is attached to the fore part of the lateral 
surface of the medial condyle and the anterior crucial ligament to the back part of 
the medial surface of the lateral condyle. The two remaining surfaces of the 
condyles are broad and convex, and each presents an epicondyle (tuberosity) for 
the attachment of lateral ligaments. The medial epicondyle, the larger of the 
two, is surmounted by the adductor tubercle, behind which is an impression. i<^i 
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the medial head of the gastrocnemuts on the upper aspect of the condyle; below 
and behind the lateral epicondyle is a dc-ep groove which receives the tendon of 
the poplUeus muscle when the knee is Sexed, and its anterior end terminates in 
a pit from which the tendon takes origin. Above the lateral epicondyle b & 
rough impression for the lateral head of the gastrocnemius. 

The interior of the shaft of the femur is hollowed out by a large medull&ry canal, and the 
eictremities are composed of cancellated timue invested by a thin compact layer. The arraniK' 
ment of the cancelli in the upper end of the bone forms a good illustration of the effect produotd 
by the mechanical conditioiiH to which bones are subject. In the upper end of the Done the 
cancellous tissue is arranged iu divergent curves. One system springs from the lower part ol 
the neck and upper end of the shaft medially and spreads into the great trochanter ('preeauie 
lamellie'). A second system springs from the lateral part of the shaft and arches upward into 
the neck and head ('tension lamella^'), crossinf; the former almost at ri^dit angles. A second «t 
of pressure lamelUc springs from the lower thick wall of the neck, and extends into the upper 
part of the head to end perpendicularly in the articular surface mainly along the lines of ereatei't 
pressure. A nearly vertical plate of compact tissue (calcar femorale) projects into the neck 
of the bone frotn the inferior cervical tubercle toward the great trochanter. This Is placed in 
the line throuEb which the weight of the body falls, and adds to the stability of the neck of the 
bone; it is said to be liable to absorption in old age. In the lower end of the bone the vertical 
and horiiontal fibres are so disposea as to form a rectangular meshwork. 

Blood-supply. — The head and neck of the femur receive branches from the inferior gluteal, 
obturator, ana circumflex arteries, and the trochanters from the circumflex arteries. The 
nutrient veasel of the shaft is derived from either the second or third ^rforating arteryjOr 
there may be two nutrient vessels arising usually from the first and third perforating. The 
vessels of the inferior extremity arise from the articular branches of the popliteal and the 
anastomotic branch of the femoral (supremagenu). 

Oaaiflcation. — The femur is ossified from one primary centre for the shaft and from four 
epiphysial centres. The shaft begins to ossify in the seventh week of intra-uterine life. Early 
in the ninth month a nucleus appears for the lower extremity. During the first year the nucleus 
for the head of the bone is visible, and in the fourth year that for the trochanter major. The 
centoe for the lesser trochanter appears about the thirteenth or fourteenth vear. The lesser 
trochanter joins the shaft at the seventeenth, the great trochanter at the eighteenth, the head 
about the nineteenth, and the lower extremity at the twentieth year. 

The neck of the femur is an apopkysU, or outgrowth from the shaft. The line of fuuon of 
the condylar epiphj|siB with the shaft pusses through the adductor tubercle. 

The morphological relation of the patellar facet to (he tibial portions of the condyles is 
worthv of notice. In a few mammab, such as the o\, this facet remains separated from the 
condyles by a furrow of rough bone. 

The ansle which the neck of the femur forms with the shaft at birtli measures, on an averafie, 
160°. In tne adult it varies from 110° to 140°; hence the angle decreases greatly during the 
> growth is completed, the angle, as a nue, remains fixed- 



THE PATELL.^ 

The patella (fig. 222) or knee-pan, situated in front of the knee-joint, ia a sesa- 
moid bone, triangular in shape, developed in the tendon of the quadriceps femoris. 
Its anterior surface, marked by numerous longitudinal strife, is slightly convex, and 

Fig. 222.— The Lept Patella. 
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perforated by small openings which transmit nutrient vessels to the interior of the 
bone. It is covered in the recent state by a few fibres prolonged from the com- 
mon tendon of insertion (supra-patellar tendon) of the quadriceps femoris, into the 
ligamentum patellie (infra-patellar tendon), and ia separated from the skin by one 
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or more bursffi. The posterior surface is largely articular, covered with cartilage 
in the recent state, and divided by a slightly marked vertical ridge, corresponding 
to the groove on the trochlear siirface of the femur, into a lateral larger portion 
for the lateral condyle, and a medial smaller portion for the medial condyle. 
Close to the medial edge a faint vertical ridge sometimes marks off a narrow articu- 
lar facet, for the lateral margin of the medial condyle of the femur in extreme 
flexion of the leg. Below the articular surface is a rough, non-articular depression, 
giving attachment to the ligamentum patellffi, and separated by a mass of fat from 
the head of the tibia. 

The base or superior border is broad, sloped from behind downward and for- 
ward, and affords attachment, except near the posterior margin, to the common 

Fia. 223. — The Supebior Border or Base of the Left Patella. 
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tendon of the quadriceps. The borders, thinner than the base, converge to the 
apex below, and receive parts of the two vasti muscles. The apex forms a blunt 
point directed downward, and gives attachment to the ligamentum patellffi, by 
which the patella is attached to the tibia. 

Structurally the patella consists of dense cancellous tissue covered by a thin compact layer, 
and it receives nutrient vessels from the articular branch of the suprema genu (anastomouc), 
the anterior tibial recurrent, and the inferior articular branches of the popliteal. 

Ossiflcation. — ^The cartilaginous deposit in the tendon of the quadriceps muscle takes place 
in the fourth month of intra-uterine life. Ossification begins from a single centre during the 
third year, and is completed about the age of puberty. 




THE TIBIA 

The tibia (figs. 224, 225) or shin-bone is situated at the front and medial side 
of the leg and nearly parallel with the fibula. Excepting the femur, it is the 
largest bone in the skeleton, and alone transmits the weight of the trunk to the 
foot. It articulates above with the femur, below with the tarsus, and laterally 
with the fibula. It is divisible into two extremities and a shaft. 

The upper extremity (or head) consists of two lateral eminences, or condyles. 
Their superior articular surfaces receive the condyles of the femur, the articular 
parts being separated by a non-articular interval, to which ligaments are attached. 
The medial articular surface is oval in shape and concave for the medial condyle 
of the femur. The lateral articular surface is smaller, somewhat circular in shape, 
and presents an almost plane surface for the lateral condyle. The peripheral 
portion of each articular surface is overlaid by a fibro-cartilaginous meniscus of 
semilunar shape, connected with the margins of the condyles by bands of fibrous 
tissue termed coronary ligaments. Each semilunar meniscus is attached firmly 
to the rough interval separating the articular surfaces. This interval is broad 
and depressed in front, the anterior intercondyloid fossa, where it affords attach- 
ment to the anterior extremities of the medial and lateral menisci and the anterior 
crucial ligament; elevated in the middle to form the intercondyloid eminence or 
spine of the tibia, a prominent eminence, presenting at its summit two compressed 
intercondyloid tubercles, on to which the condylar articular surfaces are prolonged; 
the posterior aspect of the base of the eminence affords attachment to the posterior 
extremities of the lateral and medial semilunar menisci, and limits a deep notch, 
inclined toward the medial condyle, known as the posterior intercondyloid fossa 
or popliteal notch. It separates the condyles on the posterior aspect of the head 
and gives attachment to the posterior crucial ligament, and part of the posterior 
ligament of the knee-joint. Anteriorly, the two condyles are confluent, and form 
a somewhat flattened surface of triangular outline, the apex of which forms the 
tuberosity of the tibia. The tuberosity is divisible into two parts. The upper 
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part, rounded and smooth, receives the attachment of the ligamentum patella. 
The lower part is rough, and into its lateral edges prolongations of the ligamentum 
patellte are inserted. A prominent bursa intervenes between the ligament and 
the anterior aspect of the upper extremity of the bone. 



Fia. 224. — The Left Tibia and Fibitla. (Ant«rior view.) 
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Tha medial condyle is leas prominent though more extensive than the lateral, and near the 
poatorior part of ita circumference is a deep horiiontal groove for the attachment of the 
central p<Mian of the tetninentifraruMiu tendon. The margma of this groove, and the nufaoe 
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■one below, ^ve &tt&chmeiit to the tibial (int«rnal) lateral ligament of the koee. On the 
er aspect of the lateral condyle is a rounded artieular facet for the head of the fibula, flat 
Dearly circular iu outline, oiracted downward, backward, and laterally. The circumfer- 
I of the facet ia rough and givee attachment to the Ugamenta of the superior tibio-fibular 
t, whUe above and in front of the facet, at the junction of the anterior and lateral aurfacee 

Pig. 235. — The Left Tibia and Fibula. (Poaterior view.) 
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le condyle, ia a ridge for the ilio-tibial band. A slip from the tendon of the bieept and parti 
he extmaor lotufua difilorum and pertmeua longua musclea are attached to the head below 
ili»-tilHal band. 
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The shaft or body [corpus] of the tibia, thick and prismatic above, becom» 
thinner as it descends for about two-thirds of its length, and then gradually ex- 
pands toward its lower extremity. It presents for examination three borders and 
three surfaces. The anterior border is very prominent and known as the anterior 
crest of the tibia. It commences above on the lateral edge of the tuberosity and 
terminates below at the anterior margin of the medial malleolus. It runs a some- 
what sinuous course, and gives attachment to the deep fascia of the leg. The 
medial border extends from the back of the medial condyle to the posterior margin 
of the medial malleolus, and affords attachment above, for about three inches, to 
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the tibial (internal) lateral ligament of the knee-joint and in the middle third, to 
the solevs. The interosseous crest or lateral border, thin and prominent, gives 
attachment to the interosseous membrane. It commences in front of the fibular 
facet, on the upper extremity, and toward its termination bifurcates to enclose a 
triangular area for the attachment of the interosseous ligament uniting the lower 
ends of the tibia and fibula, 

The medial surface is bounded by the medial margin and the anterior crest; it 
is broad above, where it receives the insertions of the sariorius, gracilis, and semi- 
tendinoaus; convex and subcutaneous in the remainder of its extent. The lateral 
surface lies between the crest of the tibia and the interosseous crest. The upper 
two-thirds presents a hollow for the origin of the tibialis anterior; the rest of the 
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surface is convex and covered by the extensor tendons and the anterior tibial 
vessels. The posterior surface is limited by the interosseous crest and the medial 
border. The upper part is crossed obliquely by a rough popliteal line, extending 
from the fibular facet on the lateral condyle to the medial border, a little above the 
middle of the bone. 

The popliteal line gives orig;in to the soleus and attachment to the popliteal fascia, while 
the triangular surface above is occupied by the popliteus muscle. Descending along the 
posterior surface from near the middle of the i)opliteal line is a vertical rid|;e, well marked at 
its commencement, but gradually becoming indistinct below. The portion of the surface 
between the ridge and the medial border gives origin to the flexor digUorum Umgus; the lateral 
and narrower part, between the ridge and the interosseous border, to fibres of the tibialis 
posterior. The lower third of the posterior surface is covered bv flexor tendons and the posterior 
tibial vessels. Immediately below the popliteal line and near the interosseous border is the large 
medullary foramen directed obliquely downward. 

The lower extremity, much smaller than the upper, is quadrilateral in shape 
and presents a strong process called the medial malleoluSi projecting downward 
from its medial side. The anterior surface of the lower extremity is smooth and 
rounded above, where it is covered by the extensor tendons, rough and depressed 
below for the attachment of the anterior ligament of the ankle-joint. It some- 
times bears a facet for articulation with the neck of the talus (astragalus). (A. 
Thomson.) The posterior surface is rough and is marked by two grooves. The 
medial and deeper of the two encroaches on the malleolus, and receives the tendons 
of the tibialis posterior and flexor digitorum longus; the lateral, very shallow and 
sometimes indistinct, is for the tendon of the flexor hallucis longus. The lateral sur- 
face is triangular and hollowed for the reception of the lower end of the fibula and 
rough for the interosseous ligament which unites the two bones, except near the 
lower border, where there is usually a narrow surface, elongated from before back- 
ward, covered with cartilage in the recent state for articulation with the fibula. 
The lines in front of and behind the triangular surface afford attachment to the 
anterior and posterior ligaments of the inferior tibio-fibular articulation. The 
medial surface, prolonged downward on the medial malleolus, is rough, convex, 
and subcutaneous. The lateral surface of this process is smooth and articulates 
with the facet on the medial side of the talus (astragalus). Its lower border is 
notched, and from the notch, as well as from the tip and anterior border, the fibres 
of the deltoid ligament of the ankle-joint descend. The inferior or terminal 
surface, by which the tibia articulates with the talus, is of quadrilateral form, 
concave from before backward, wider in front than behind, and laterally than 
medially where it is continuous with the lateral surface of the malleolus. 

The occasional facet on the anterior surface of the lower extremity of the tibia is a pressure 
facet, produced by extreme flexion of the ankle joint. It is therefore sometimes designated as 
the '^squatting facet." (See fig. 333.) 

Blood-supply. — The tibia is a very vascular bone. The nutrient artery of the shaft is 
furnished by the posterior tibial, and is the largest of its kind in the bodv. The head of the 
bone receives numerous branches from the inferior articular arteries of the popliteal and the 
recurrent branches of the anterior and posterior tibial. The lower extremity receives twigs 
from the posterior and anterior tibial, the peroneal^ and the medial malleolar arteries. 

Ossification. — ^The tibia is ossified from one prmcipal centre for the shaft, which appears 
in the eighth week of intra-uterine life, and two epiphyses, the centres for which appear in the 
cartilaginous head of the bone toward the end of the ninth month, and in the lower extremity 
during the second year. The latter unites with the shaft at eighteen, but the union of the head 
with the shaft does not take place until the twenty-first year, and it may even be delayed until 
twentv-five. The upper part of the tubercle of the tibia is ossified from the upper epiphysis, 
and the lower part from the diaphysis. 

THE FIBULA 

The fibula (figs. 224, 225) is situated on the lateral side of the leg and, in 
proportion to its length is the most slender of all the long bones. It is placed 
nearly parallel to the tibia with which it is connected above and below. In man 
it is a rudimentary bone and bears none of the weight of the trunk, but is retained 
on account of the muscles to which it gives origin and its participation in the 
formation of the ankle-joint. Like other long bones, it is divisible into a shaft 
and two extremities. 

The head [capitulum fibulae], or upper extremity, is a rounded prominence. 
Its upper surface presents laterally a rough eminence for the attachment of the 
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biceps tendon and the fibular {long external) collateral ligament of the knee-joint, 
medially it presents a round or oval facet [facies articulahs capituU], directed 
upward, forward, and medially, for articulation with the lateral condyle (tuber- 
osity) of the tibia. The margin of the facet gives attachment to the articular 
capsule of the superior tibio-fibular articulation. Posteriorly, the head rises into 
a pointed apex (styloid process), which affords attachment to the short lateral 
ligament of the knee-joint, and on the lateral aide, to part of the biceps tendon. 

The poaterior aspect of the he&d mvea attachment to the ioleiu, the lateral aspect, extend- 
ing also ID front of the eminence for the biceps, to the peroneus longwi; from the anterior aspect 
fit»«a of the exUmoT digUomm longua arise, whilst the medial side liea adjacent to the tibia. 

The shaft [corpus fibulfe], in its upper three-fourths, is quadrangular, possessing 
four borders and four surfaces, whereas its lower fourth is flattened from side to 
side, so as to be somewhat triangular. The borders and surfaces vary exceed- 
ingly so that their description is difficult. The anterior crest (or antero-lateral 
border) commences in front of the head and terminates below by dividing to 
enclose a subcutaneous surface, triangular in shape, immediately above the 

Fia. 227. — The Upper End of the Left Fibcla to show Muscular and LioAiiEHToca 
Attachuents X 2. (G. J. Jenkins.) 
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lateral malleolus. It gives attachment to a septum separating the extensor 
muscles in front from the peronei muscles on the lateral aspect. The interosseous 
crest (or antero-medial border), so named from giving attachment to the intenw- 
seous membrane, also commences in front of the head, close to the anterior crest, 
and terminates below by dividing to enclose a rough triangular area immediately 
above the facet for the kilus {astragalus) ; this area gives attachment to the inferior 
interosseous ligament, and may present at its lower end a narrow facet for articula- 
tion with the tibia. The medial crest (or postero-medial border), sometimes 
descrit)ed as the oblique line of the fibula, commences at the medial side of the 
head and terminates below by joining the interosseous crest, in the lower fourth 
of the shaft. It gives attachment to an aponeurosis separating the tibialis 
•posterior from the soleus and fiexor halbicis longus. The lateral crest (or postero> 
lateral border) runs from the back of the head to the medial border of the peroneal 
groove on the back of the lower extremity; it gives attachment to the fascia sepa- 
rating the peronei from the flexor muscles. 

The anterior or extensor surface is the interval between the interosseous and 
anterior crests. In the upper third it is extremely narrow, but broadens out 
below, where it is slightly grooved longitudinally. It affords origin to three 
muscles: laterally, in the upper two-thirds, to the extensor digitorum longus, and, in 
the lower third, to the peroneus tertivi; medially, in the middle third, also to the 
extensor hallucis longus. The medial surface, situated between the interosseous 
and medial crests, is narrow above and below, and broadest in the middle. It 
is grooved and sometimes crossed obliquely by a prominent ridge, the secondary 
oblique lioe of the fibula; the surface gives origin to the tibialis posterior, and the 
ridge to a tendinous septum in the substance of the muscle. The posterior surface 
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is the interval between the medial and lateral crests, and is somewhat twisted so 
as to look backward above and medially below. It serves, in its upper third, for 
the oriein of the solevSf and in its lower two-thirds for the flexor hallTids longv^. 
Near the middle of the surface is the medullary foramen, directed downward 
toward the ankle. The lateral surfacCi situated between the anterior and lateral 
crests, is also somewhat twisted, looking laterally above and backward below, 
where it is continuous with the groove on the back of the lateral malleolus. 
The surface is often deeply grooved and is occupied by the peroneus longiis in the 
upper two-thirds and by the peroneus brevis in the lower two-thirds. 

The lateral malleolus or lower extremity is pyramidal in form, somewhat 
flattened from side to side, and joined by its base to the shaft. It is longer, more 
prominent, and descends lower than the medial malleolus. Its lateral surface is 
convex, subcutaneous, and continuous with the triangular subcutaneous surface 
on the shaft, immediately above. The medial surface is divided into an anterior 
and upper area [facies articularis malleoli], triangular in outline and convex from 
above downward for articulation with the lateral side of the talus (astragalus), and 
a lower and posterior excavated area, the digital fossa, in which are attached the 
transverse inferior tibio-fibular ligament and the posterior talo-fibular (posterior 
fasciculus of the external lateral) ligament of the ankle. The anterior border is 
rough and gives attachment to the anterior talo-fibular (anterior fasciculus of the 
external lateral) ligament of the ankle, and the anterior inferior tibio-fibular liga- 
ment. The posterior border is grooved for the peronei tendons, and near its 
upper part gives attachment to the posterior inferior tibio-fibular ligament. The 
apex or summit of the process affords attachment to the calcaneo-fibular (middle 
fasciculus of the external lateral) ligament of the ankle. 

Blood-supply. — ^The shaft of the fibula receives its nutrient artery from the peroneal 
branch of the posterior tibial. The head is nourished by branches from the inferior lateral 
articular brancn of the popliteal artery, and the lateral malleolus is supplied mainly by the 
peroneal, and its perforating and malleolar branches. 

Ossification. — ^The shaft of the fibula commences to ossify in the eighth week of intra- 
uterine life. A nucleus appears for the lower extremity in the second year, and one in the upper 
extremity during the foiirth or fifth >[ear. The lower extremity fuses with the shaft about 
twenty, but the upper extremity remains separate until the twenty-second year or even later. 

It is interesting, in connection with the times of appearance of the two epiphyses of the 
fibula, to note that the ossification of the lower epiphysis is contrary to the general rule — viz., 
that the epiphysis toward which the nutrient artery is directed is the last to undergo ossification. 
Tlds is perhaps explained by the rudimentary nature of the upper extremity. In birds the head 
of the bone is Uu'ge and enters into the formation of the knee-joint; ana in human embryos, 
during the second month, the fibula is quite close up to the femur. 

The human fibula is characterised bv the length of its malleolus, for in no other vertebrate 
does this process descend so far below the level of the tibial malleolus. On the other hand, in 
the majority of mammals the tibial descends to a lower level than the fibular malleolus. In 
the human embryo of the third month, the lateral is equal in length to the medial malleolus. 
At the fifth month the lateral malleolus exceeds the medial by 1.5 mm.; at birth, the lateral 
malleolus is still longer; and by the second year it assumes iU adult proportion. 
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The tarsal bones [ossa tarsi] (figs. 228, 229) are grouped in two rows: — a 
proximal row, consisting of the talus and calcaneus, and a distal row, consisting 
of four bones which, enumerated from tibial side, are the first, second, and third 
cuneiform bones and the cuboid. Interposed between the two rows on the tibial 
side of the foot is a single bone, the navicular; on the fibular side the proximal and 
distal rows come into contact. 

Compared with the carpus, the tarsal bones present fewer common characters, 
and greater diversity of size and form, in consequence of the modifications for sup- 
porting the weight of the trunk. On each, however, six surfaces can generally be 
recognised, articular when in contact with neighbouring bones, elsewhere sub- 
cutaneous or rough for the attachment of ligaments. As regards ossification, they 
correspond in the main with that of the bones of the carpus. Each tarsal bone is 
ossified from a single centre, but the calcaneus has, in addition, an epiphysis for a 
large part of its posterior extremity, and the talus, an occasional centre for the os 
trigonum. 
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The Talus 

The talus (or astragalus) (figs. 230, 231} is, next to the calcaneus, the largest 
of the bones of the taraus. Above it supports the tibia, below it rests on the cal- 
caneus, at the sides it articulates with the two malleoli, and in front it is received 
into the navicular. For descriptive purposes, it may be divided into a head, neck, 
and body. 



Fi<3. 228. — The Left Foot. (Superior BurfaM.) 
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The body is somevhat quadrilateral in shape. The upper atuface presents s broad, smooth 
surface for the tibia, sliKhtly concave from aide to side, convex from before backward, and 
wider in front than behind. The diminution in width posteriorly is aaaociated with an obliquity 
of the lateral mar^, which is directed medially as well bb backward and downward. The 
inferior siuface ie occupied by a transversely disposed oblong facet [facies articularis calcanea 



THE TARSUS 198 

pOBtarior], deeply concave from rade to side, which articulates with & corresponding surface 
Du the calcaneus. Of the malleolar surfaces, the lateraTis almost entirely occupied by a large 
triangular facet, broad above, where it is continuoua with the superior surface, concave from 
ibore downward, for articulation with the lateral malleoku,' on the medial malleolar atirface 
ia a piriform facet continuous with the superior surface, broad in front and narrow behind, 
irhicn articulates with the medial malleolus. Below this facet the medial surface is rough for 
the attachment of the deep fibres of the deltoid (internal lateral) ligament of the ankle. The 



Fig. 229.— The Leit Foot. (Plantar surface.) 
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lupenor surface and the two malleolar surfaces together constitute the trochlea. The poste- 
ior Burface ia of small extent and marked by a Kroove which lodges the tendon of the Jlezor 
loUucti Umgtit. Bounding the groove on either side are two tubercles, of which the 
at«ral [processua posterior tali] is usually the more prominent, tor attachment of the posterior 
Alo-fibular ligament of the ankle-jointj the medial tubercle pvea attachment to the medial 
Alo-calcanealligament. Continuous with the anterior aspect of the bod^ ulb&^.'M.'s^^.'^WL- 
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Btiicted part of the bone aupportiug the head. Above it is rough, and perforated by n 
vascular foramina. Below, it presents a deep groove [sulcus tau], directed from behind forward 
and lateralward. When the talus ia articulated with the calcaneus, this furrow is converted 
into a canal [sinus tarw] in which is lodged the interosaeous talo^alcaneal ligament. The heat 
ia the rounded anterior end of the bone, and its large articular surface is divimble into three 
parts: in front, a amooth, oval convex area, dire ctea downward and forward for the navicular 
bone; below, an elongated facet, convejt from front to back, for articulation with the sustentaeu- 
lum tali of the calcaneus; and between these, is a Hmall facet which rests on the calcaneo- 



FiQ. 230. — The Lett Taltts. (Plantar 




navicular ligantent, separated from it by the synovial membrane of the talo-calcaneo-navicular 

ArticuUtlons.^The talus articulates with four bones and two ligaments. Above and 
medially with the tibia, below with the calcaneus, in front with the navicular, laterally with the 
fibula. The head articulates with the calcaneo-aavicukr ligament and the lateral border of 
the superior surface, at its posterior part, with the transverse ligament of the inferior tibio- 
fibular joint. 

The talus is a very vsscular bone and is nourished by the dorsalis pedis artery and its tarsal 
branch. It gives attachment to no muscles. 

Fia. 231. — A Taldb with the Ob Trioondu. 
Oi tricoDum 




Ossification. — The talus is ossified from one, occasionally from two, nuclei. The princlp^ 
centre for this bone appears in the middle of the cartilaginous talus at the seventh month of 
intra-uterine life. The additional centre ia deposited in the posterior portion of the bone, and 
forms the lateral posterior tubercle whirh may remain separate from the rest of the bone and 
form the ostrigonum. At birth, the talus presents some important peculiarities in the diapos- 
tion of the articular facet on the tibial side of its body, and in the obliquity of its neck. If, in the 
adult talus, a line be drawn through the middle of the superior trochlear surface parallel with 
its medial border, and a second line be drawn along the lateral side of the neck of the bone so as 
to internet the first, the ansle formed by these two lines will express the obliquity of the neck 
of the bone. This in the adult varies greatly, but the average may be taken as 10°. In the 
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foetus at birth the an^Ie averages 35", whilst in a young or&ng it measureB 45°. In the normal 
tdult taliu the articular surface on tke tibial aide is limited to the body of the bone. In the 
tcBtal taluB it extends for aome distane on to the neck, and sometimea reachea almost as far 
forward as the navicular facet on the head of the bone. Thia diapoaition of the medial malleolar 
Facet is a choracteriatie feature of the talua in the chimpaniee and the orang. It ia related' to 
the inverted position of the foot which ia found in the human fixtus almost up to the period of 
birth, andisof interest to the surgeon in connection with some varieties of cluMoot. (Shattock 
and F&rker.) 

The Calcansus 

The calcaneus (or os calcis) (^s. 232, 233) is the largest and strongest bone of 
the foot. It is of an elongated form, flattened from side to side, and expanded at 
its posterior extremity, which projects downward and backward to form the heel. 
It presents six surfaces, superior, inferior lateral, medial, anterior and posterior. 

The superior anrface presenta in the middle a large, oval, convex, articular facet for the 
under aspect of the body of the talua. In front of the facet the bone is marked by a deep 



Fio. 232. — The Left Calcaneus. (Dorsal 
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are articulated, thia portion of the bone forms the floor of a cavity called the ainua tarsi. Medi- 
ally, the upper surface of the bone presenta a well-marked process, the sustentaculum tali, 
furnished with an elongated concave facet, occasionally divided into two, for articulation with 
the under aspect of the head of the talus. The posterior part of the upper auHace is non- 
articular, convex from aide to side, and in relation with a mass of fat placed in front of the 
tendo Achillis. 

The inferior surface is narrow, rough, uneven, and ends posteriorly in two processes: the 
medial is the larger and broader, the lateral is narrower but prominent. The medial process 
affords origin to the obdudor haUucia, the flexor di^plorum bretrU, and the abductor dxgiU quiitti; 
the last muscle also arises from the lateral process and from the ridee of bone between. The 
rough surface in front of the tubercles gives attachment to the long plantar ligament (calcaneo- 
cuboid] and the lateral head of the guadratus pianUe. Near its anterior end this surface forms 
a rounded eminence, the anterior tubercle, from which (as well as from the shallow Kroove in 
front) the plantar (short) calcaneo-cuboia ligament arises. (According to the BNA nomrai- 
clature, the medial and lateral processes belong to the luber calcanei or the posterior extrenuty 
of the bone.) 

The lateral surface is broad, flat, and slightly convex. It represents near the middle a small 
eminence for the calcaneo-Rbular ligament of the aokle-joint. Below and in front of this is a 
well-marked tubercle — the trochlear process [processus trochlearis] (or peroneal tubercle), 
teparating two grooves, the upper for the peroneua brmri$ and the lower for the peroneus lontm. 

The medial surface ia deeply concave, the hollow being increased by the prominent medial 
process behind and the overhanging sustentaculum tali in front. The latter forma a promi- 
nence of bone projecting horiiontally, concave and articular above, grooved below for the 
tendon of the flexor hallucU longug, and giving attachment to a slip of the tendon of the titrialii 
potUricr, the inferior calcaneo-navicular ligament, and some fibres of the deltoid ligament of 
the ankle-joint. The hollow below the process receives the plantar vessels and nerves aud ita 
lower part givea attachment to the medial head of the quadratwi plartltr. 
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The anterior furtace in somewhat auadrtlateral in outline with rounded angles, aod presenU 
a saHdle-shaped articular nurfai^e for the cuboid. 

The posterior surface ib oval in shape, rough, and convex. It ia divided into three parts: — 
an upper, smooth and Beparat«d by a bursa from the tenda Achillis; a, middle port givina 
attacnmeat to the tenda AehiUit and the planlnrU, and a lower part in relation to the skin and 
fat of the heel. The expanded posterior extremity of the bone is known aa the tuber ctlcaitel. 

AiticulatioiiB.^'rhe caJcaneua articulates nith two bones, the taius above aad the cuboid 

Blood-supply. — The calcaneus ia nourished by numerWia branches from the posterior tibial 
and the medial and lateral malleolar arteries. They enter the bone chiefly on the inferior 

and me'liiil siirinres. 



Fig. 233,— The Calcanbub 
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OssiflcBtion. — The primary nucleus appears in the sixth month of iatra-uterine life. The 
epiphysis, for its postenor extremity, begins to be osailied in the tenth yeur and ia united to 
the body of the none by the sixteenth year. It may ext.end over the whole of the posterior 
surface, as shown in hg. 233, or over the lower two-thirds only, leaving a part above in relation 
to the bursa beneath the tendo Achillis, which is formed from the primary nucleus. The 
media] and lateral processes are formed by the epiphysis. 



The Navicular 

The navicular [oa naviculare pedis) (figs. 234, 235) ia oval ia shape, flattened 
from before backward, and situated between the talus behind and the three 
cuneiform bones in front. It is characterised by a large oval, concave, articular 



Fig. 334.— Tb* Lbft S< 



(Anterior view.) 
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facet on the posterior surface, which receives the head of the talus; abroad, rough, 
rounded eminence on the medial surface, named the tuberosity of the navicular, 
the lower part of which projects downward and gives insertion to the tendon of 



Fio. 235.— The Left 
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the tibuiiis potUrioT; and an oblong-shaped anterior surface, convex and diiH 

by two vertical ridges into three facets which articulate with the three cune[f<M_ 

inefl. The superior (dorsal) surface is rough, convex, and slopes downward to 
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the tuberosity: the inferior (plantAr) surface is irregular ami rough for the attach- 
ment of the inferior calcaneo-uavicular ligament, and the lateral surface is rough 
and sometimes presents a small articular surface for the cuboid. 

Articulations. — With the talus behind, with the three cuneiform bones in 
front, and occasionally with the cuboid on its lateral aspect- 
Ossification.— The nucleuH for the naviinilar appears in the course of the fourth year. The 
tuberoaitv of the navicular, into which the libialia posterior acquires its main iiisertJon, 
ally develops separately, aod sometiuies remains diatinct from the rest of the bone. 



The Cuneiform Bones 

Of the three cuneiform bones, the first is the largest, the second is the smallest, 
and the third intermediate in size. They are wedge-shaped bones placed between 
the navicular and the first, second and third metatarsal bones. Posteriorly, the 
ends of the bones lie in the same transverse line, but in front, the 6rst and third 
project farther forward than the second, and form the sides of a deep recess into 
which the base of the second metatarsal bone is received. 






Pia. 236. — Tbe Left Fisbt CcKEironu. (Medi&l surface.) 
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Tbe flrst cuneiform los cuneiforme primum] (figa, '2SG. 237) is distinBuished by iU large 
and by the faot that when articulated, the base of the wedge is directed downward and the 
apex upward. The posterior surface is coocave and pyriform for articulation nith the medial 
facet on (he anterior surface of the navicular. The Bnteiior surface forms a reniform articular 
facet for the base of the first metatarsal. The medial surface is rough, and prewnta an oblique 
groove for the tendon of the lihuUit anterior; this groove is limited inferiorly by an oval facet 
into which a portion of the tendon is inserted. The lateral surface is concave and presents along 
its superior and posterior borders a reversed L-shaped facet for articulation with the Hecond 
cuneiform, and, at its anterior extremity, with the Rerond metatarsal. Anteriorly itisrouch 
for ligaments. The inferior surface is rough for the iaseiiion of the perontua lonifu*, tibialit 
anterior, and (usually) the libialis poslerior. The superior surface is the narrow part of tbe 
iredge and is directed upward. 



Fia 237.— The Left Fibbt Cvv 




(Lateral aspect.) 



Articulations.— With tlie navicular behind, second cuneiform and second metatarsal on 
\ i\a laierai side, and first metatarsal in front. 

Ossification. — Prom a single nucleus which appears in the course of the third year. 

The second cuneiform [as cuneiforme secundum] (figs. 238, 239) b placed nitn the broad 
I Wtremity upward and the narrow end downward, and is readily recognised bj^ its nearly 

ue base. The posterior surface, triangular and concave, articulates with the middle facet 

.he anterior surface of the navicular. The anterior surface, also triangular, but narrower 
_ . 1 the posterior surface, articulates with the base of the second metatarsal. Tbe medial 
F fttfface has a reversed L-shaped facet running along it8 superior and posterior margins for 
1 articulation with the corresponding facet on the first cuneiform, andiaTQiM^«\siCT'''»f^«Vi«'Ccfc 
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attachment of ligaments. On the lateral siuface near its posterior border ie a vertical famt, 
aometimet' bilobeil, for the third cuneiform, and oucasioniiUy a second facet at the aDteriot 
interior angle. The superior surface forma the square-cut base of the wedge and ia rough (or 
the attachment of ligaments. The inferior surface is sharp and rough for ligamentd atul a dip 
of the tendon of the libialit poalerior. 



Fia. 238.— The Left Second Ci 




Articulations. — With the navicular behind, second me 
the lateral side, and fimt cuneiform on the medial side. 
Ossiflcation. — From ii Ringle nucleus which appears it 
ineiform bone <ii|i 

end downwurd, i 
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aerund cuneiform, the posterior surface prcMMits a trianftular facet for the navicular; and the 
Ulterior surface a triangular facet, lon^r and narrower, for the third metatarsal. Th« medial 
surface has a large facet extending alone the posterior border for the second cuneiform, and 
along the anterior border a narrow irregular facet for the iaterul side of the bora of the secood 
metatarsal. Occasionally, a small facet is present near the anterior inferior angle for the second 



. 240.— The Left Third Cvneu 
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cuneiform. The lateral surface has a large distinctive facet near its posterior superior an^e 
for the cuboid, and at the anterior superior angle there is usuallj' a small facet for the moual 
aide of the base of the fourth metatarsal. The superior surface, oblong in shape, is rough for 
ligaments, and the inferior, forming a rounded margin, receives a slip of the tihinlit pnnttrior 
and gives origin to a few fibre« of theficxor hallucis brtvu. 




Articulations.— With the navicular bcliind, third nietartarsal in front, cuboid _a 
JtHiarsa! on the lateral side, aecond cuneiform and second metatarsal on ' 
Ossification.^ A single nucleus appears in the course of the lirst year. 
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The cuboid (figs. 242, 243, 244), irregularly cubical in shape, ia placed on the 
lateral aspect of the foot, forming a continuous line with the calcaneus and the 
fourth and fifth metatarsals. 

Its posterior surface is somewhat quadrangular with rounded aiiglea and preBents a soddle- 
abaped articular surface for the calcaneus. Ita lower and medial angle is somewhat prolonged 
backward beneath the suslenlaculuni tali (calcaneal process of the cuboid), an arrangement lo 
appose the upward or outward movement of the bone. This process occasionally ti 

Fio, 242.— The Left Cimoio. (Medial view.) 




in a rounded facet which plays on the head of the talus lateral to the facet for the calcaneo 
navicular ligament. The anterior surface is smaller and divided by a vertical ridge into two 
ftrticular facets, a lateral for the base of the fifth, and a medial for the base of the fourth meta- 
tai^. The superior surface is rough, non-arlicular. and directed obliquely upward. The 
Inferior surface presents a prominent ridge for the attachment of the long plantar icalcaneo- 
cuboid ) ligament, in front of which ia a deep groove — the peroneal groove — running obliquely 
forward and meoially and lodging the tendon of the ptroneus tongue. The ridge terminates 
laterally in an eminence, the tuberosity of the cuboid, on which there is usually a facet for a 
-?samoid bone of the tendon contained in the groove. The part of the surface behind the ridge 
_ rough for the attachment of the plantar (short) calcaneo-cuboid ligament, a slip of the libialii 
potUruir, and a few fibres of the flexor haUucia brevia. 



Fio. 243.— The Lcrr Ctmoin. 
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The medial surface presents, near its middle and upper part, an oval facet for articulation 
with the third cuneiform bone (fig. 242); behind this, a second facet for the navicular is fre- 
quently seen (fig, 243). Generally the two facets are confluent and then form an elliptical 
surface (fig. 2441. The remainder of this surface is rough for the attachment of strong luter- 
oaseouB ligaments. 

The Uteral surface, the smallest and narrowest of all the surfaces, presents a deep notch 
which leads into the peroneal groove. 

Articulations. — With the calcaneus behind, fourth and fifth metatarsab in front, third 
cuneiform and frequently the navicular on the medial side; occasionally also the talus. 



Fig. 244.— The Left Ci 
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O«siflcation.— The cidwiid is ossihed from a single nucleus which appears about the tinie 
; ofbirlh. 

Accessory tarsal elements. — As in the carpiw, a number of additional elements may 
cur in the tarsus. The most frequent of these is the os trigonum, which has already been 
[ noticed. Next in frequency is an additional first cuneiform, resuliinii from the ossiBcation of 
'- the plantar half of that bone independently of the dorsal half, so that the bone Is represented 
f by a pbmtiir and a dorsal first cuneiform. Other additional elements may oceawonally occur 
t Kt the upper posterior angle of the sustentaculum tali; at the anterior superior angle of the cal- 
lUB, between that bone and the navicular; iu the angle between the nrst cuneiform and the 
and second metatarsals; and in the fibular angle between the fifth metatarsal and the 
^ cuboid 'OS Veaalianum). 
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The fibular portion of the navicular id sometimes united to the cuboid aad quttoa., 

from the rest of the nevirular, the cuboid in such coses articulating with the talus. Thu ooo- 
ditioD suggests the recognitiou of the fibular portion of the navicular as a distinct acccsKwy 
tanial element, the cuboidea KcundaHum, though it has not yet been obeerred aaub '' 

pendent bone in the human foot. 

THE METATARSUS 

The metatarsus [ossa metatarsalia] consists of a series of five aoroewliBt 
cylindrical bones. Articulated with the tarsus behind, they extend forward, 
nearly parallel with each other, to their anterior extremities, which articul&t« 
with the toes, and are numbered according to their position from great toe to small 
toe. Like the corresponding bones in the hand, each presents for examination a 
three-sided shaft, a proximal extremity termed the base, and a distal extremity or 
head. The shaft tapers gradually from the base to the head, and is slightly 
curved longitudinally so as to be convex on the dorsal and concave on the plantar 
aspect. 

A typical metatarsal bone. — The shaft [corpus) is compressed laterally and 
presents for examination three borders and three surfaces. The two borderst dis- 
tinguished as medial and lateral, are sharp and commence behind, one on each side 
of the dorsal aspect of the tarsal extremity, and, gradually approaching in the 
middle of the shaft, separate at the anterior end to terminate in the correspoadi 



Fia. 245. — The First fLEFT) Metatahsai.. 




tubercles. The inferior border is thick and rounded and extends from the under 
aspect of the tarsal extremity to near the anterior end of the bone, where it bi- 
furcates, the two divisions terminating in the articular eminences on the plantar 
aspect of the head. Of the three surfaces, the dorsal is narrow in the middle and 
wider at either end. It is directed upward and is in relation with the extensor 
tendons. The medial and lateral stirfaces, more extensive than the dorsal, 
corresponding with the interosseous spaces, are separated above, but meet to- 
gether at the inferior border; they afford origin to the inlerosseous muscles. The 
base is wedge-shaped, articulating by its terminal surface with the tarsus, and OD 
each side with the adjacent metatarsal bones. The dorsal and plantar surfaces 
are rough for the attachment of ligaments. The head presents a semicircular 
articular surface for the base of the first phalanx, and on each side a depression, 
surmounted by a tubercle, for the attachment of the lateral ligaments of the 
metatarso-phalangeal joint. The inferior surface of the head is grooved for the 
passage of the flexor tendons and is bounded by two eminences continuous with 
the terminal articular surface. 

The several metatarsals possess distinctive characters by which th^ c 
readily recognised. 
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The fint ntetatarsat {Rg. 245) ia ibe most modi&ed of all the metntrmal bonee, and devintee 
widely froca the general desciiptioD Riven above. It is the ahortent, the thickest, the Gtroneect, 
and most massive ol the series. The base preeents a Inree reniiorm, slightly concave facet 
for the first cuneiform and projects dowoward into the sole to form the tuberosin, ii rou^ 
le into which the peroneus (ongus and a slip of the libiatis anterior are inserled. A little 



^ 




and covered by the fieior kaUuds luiigus And brevis, vrhiUt the lateral surface is triangular in 
outline, almost vertical, and in relation with the first dortal inltrotteotia and adductor haltutrii 
Mimus. A few fibres of the medial head of the first dorsal inlrroiaeous occasionally ariee from 
tlie niniier part of the surface adjoining the base, or from the border sepurating the laterHl from 
tbo dorsal surface. Somewhere near the middle of the shaft, and on its fibular side, is the 
L nutrient foramen, directed toward the head of the bone. 
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The Ulterior aurface is somewhat auadril&teral in outline with rounded angles, and preaents 
a Boddle-shaped articular surface for tne cuboid. 

The posterior surface is oval in shape, rough, and codvbi. It is divided into three parta:— 
an upper, smooth and separated by a bursa from the tendo Aehillis; a middle part giviiu 
attaclunent to the Undo AchiUii ana the plantarii, and a lower part in relation to the sldn ua 
fat of the heel. The expanded posterior extremity of the bone ib known as the tuber calcaneL 

Articulations. — The calcaneus articulates with two bones, the tolua above and the cubtud 

Blood -anppi jr.— The calcaneuB is nourished by numerous branches from the posterior tibial 
and the medial and lateral malleolar arteries. They enter the bone chiefly on the inferior 
and medial surfaces. 



Fia. 233. — The Calcaneus at the Fifteenth Year, bhowtno the Epipbtbis. 




Aw«ara SI lbs MDth, and nnilM at Om riiteanlb tmt 



Oatiflcation. — The primary nucleus appears in the sixth month of inl 
eraphyaia, for its posterior extremity, begins to be os«fied in the tenth year and is united to 
toe body of the bone by the sixteenth year. It may extend over the whole of the posterior 
surface, 00 shown in fig. 233, or over the lower two-thirds only, leaving a part above in relation 
to the bursa beneath the tendo Aehillis, which h formed from the primary nucleus. The 
medial and lateral processes are formed by the epiphysis. 



The Navicular 

The navicular [os naviculare pedis] (figs. 234, 235) is oval ia shape, flattened 
from before backward, and situated between the talus behind and the three 
cuneiform bones in front. It is characterised by a large oval, concave, articular 



Fid. 234. — The Left Mavicdlab. (Anterior 



Fee lint giumUotoi- 

UcdUl border 

TubtrMit}' 



facet on the posterior surface, which receives the head of the talus; a broad, rough, 
rounded eminence on the medial siu^ace, named the tuberodty of the navicu^, 
the lower part of which projects downward and gives insertion to the tendon of 




Fio. 235, — The Left NATictJi-AR, SHOWtNO a Facet por 
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the tibialis posterior; and an oblong-shaped anterior surface, convex and divided 
by two vertical ridges into three facets which articulate with the three cuneiform 
bones. The superior (dorsal) surface is rough, convex, and slopes downward to 
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the tuberosity; the inferior (plantar) sulfate is irregular and rough for the attach- 
ment of the inferior calcaneo-navicular l^ament, and the lateral surface is rough 
and sometimes presents a small articular surface for the cuboid. 

Articuiatioiis. — 'With the talus behind, with the three cuneiform bones in 
front, and occasionally with the cuboid on its lateral aspect. 



Ossificatioa.—Tbe nucleus for the navicular appears in the courae of the fourth year. The 
luberositv of the navicular, into which the libuUu poilerwr acquires ita m^n inaerUon, occauon- 
ally develops separately, and eometimeB remtune distinct from the rest of the bone. 



The Cuneiform Bones 

Of the three cuneiform bones, the first is the largest, the second is the smallest, 
and the third intermediate in size. They are wedge-shaped bones placed between 
the navicular and the first, second and third metatarsal bones. Posteriorly, the 
ends of the bones lie in the same transverse line, but in front, the first and third 
project farther forward than the second, and form the sides of a deep recess into 
which the base of the second metatarsal bone is received. 



Fia. 236. — ^The Left First Cuneiform, (Medial surface.) 



For fint matatarul 
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The first cuneiform [os cuneiforme primum] {&ga. 2;i6, 237) is distinguished by its largB 
Mie and by the fact that when articulated, the base of the wedge is directed dowoward and the 
apex upward. The posterior surface is concave and pyriform for articulation with the mediaJ 
facet on the anterior surface of the navicular. The anterior surface forms a reniform articular 
facet for the base of the first metatarsal. The medial surface is rough, and prettenta an oblique 
groove for the tendou of the Ubialie anterior; this K^oove is limited iMeriorly by an oval facet 




into which a portion of the tendon is inserted. The lateral surface is concave and presents along 
its superior and posterior borders a reversed L-shaped facet for articulation with the second 
euneilorm, and, at its anterior extremity, with the second metatarsal. Anteriorly itisrou^ 
for ligaments. The inferior surface is rough for the insertion of the jrcroneua Umgitt, tibiaa* 



. and {uBuaily) the tibUdia posterior. The superior surface is the narrow part of the 
wedge and is directed upward. 

Fio 237. — The Left First Coneiform. (Lateral aspect.) 

Fot iMODd mct*Unil 




Articulations. — With the navicular )>chind, second cuneiform and second metatarsal on 
its lateral side, and first metatarsal in front. 

Ossification. — From a single nucleus which appears in the course of the third year. 

The second cuneiform los cuneiforme secundum] (figs. 238, 239) is placed with the broad 
extremity upward and the narrow end downward, and is readily recottnised by its nearly 
square base. The posterior surface, triangular and concave, articulates with the middle facet 
on the anterior surface of the navicular. The anterior surface, also triangular, but narrower 
than the posterior surface, articulates with (he base of the second metatarsal. The medial 
Bmface has a reversed L-shaped facet running along its superior and posterior mar^ns for 
articulation with the corresponding facet on the first cuneiform, and is rough elsewhere for the 
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The tnterior suifftce is somewhat quadrilateral in outline with rounded angles, aad preaeata 
a aaddle-flhaped articular surface Tor tne cuboid. 

The posterior surface is oval in shape, rough, and convex. It is divided iato three parts: — 
ao upper, smooth and separated by a bursa from the tendo Aohillis; a middle part siving 
attacoment to the Undo AcMUit and the plarUarii, and a lower part in relation to the skill ana 
fat of the heel. The expanded posterior extremity of the bone is known as the tuber calcanei. 

AiticalatioiiB. — The calcaneus articulates with two bones, the talus above and the eubcad 
in front. 

Blood-suppljr. — The calcaneus is nourished by numerous branches from the posterior lihial 
and the medial and lateral malleolar arteries. They enter the bone chiefly on the inferioi 
and medial surfaces. 



Fig. 233.^Thk Calcanitts at thb Fifteenth Ybar, bhowino the Epiphtbib. 




Avpun St the tenUi, uid unllM U Uw ililMBtta r**' 



OssiflcatioD. — The primary nucleus aftpcars in the sixth month of ii 
Mnphyna, for its posterior extremity, begins to be ossified in the tenth year and is united to 
the body of the bone by the sixteenth year. It may extend over the whole of the posterior 
surface, as shown in fig. 233, or over the lower two-thirds only, leaving a part above in relation 
to the bursa beneath the tendo Achillis, which is formed from the primary nucleus. The 
medial and lateral processes are formed by the epiphysis. 

The Navicular 

The navicular [os naviculare pedis] (figs. 234, 235) is oval ia shape, flatteaed 
from before backward, and situated betweeo the talus behind aad the three 
cuneiform bones in front. It is characterised by a large oval, concave, articular 



Fia. 234.— The Left N 




facet on the posterior surface, which receives the head of the talus; a broad, rough, 
rounded emmence on the medial surface, named the tuberosity of the navicular, 
the lower part of which projects downward and gives insertion to the tendon of 



Fia. 235. — The Left Navicitlak, eaowiKa a Facet for the Cuboid. 




the tibialis posterior; and an oblong-shaped anterior suiface, convex and divided 
by two vertical ridges into three facets which articulate with the three cimeiform 
bones. The superior (dorsal) surface is rough, convex, and slopes downward to 
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be tuberosity ; the inferior (plantar) surface is irregular and rough for the attach- 
lent of the inferior calcaneo-aavicular ligament, and the lateral surface is rough 
nd sometimes presents a small articular surface for the cuboid. 

Articulations. — With the talus behind, with the three cuneiform bones in 
ront, and occasionally with the cuboid on its lateral aspect. 

Oosiflcatioii. — The nucleus for the navicular ftppean in the course of the fourth year. The 
uberosity of the navicular, into which the tibiafi«p(Ml«nor acquires its main inaertioo, occasioa- 
Uy develops separately, and sometimes remains distinirt from the rest of the bone. 

The Cuneiform Bones 

Of the three cuneiform bones, the first is the largest, the second is the smallest, 
.nd the third intermediate in size. They are wedge-shaped bones placed between 
he navicular and the first, second and third metatarsal bones. Posteriorly, the 
nds of the bones lie in the same transverse line, but in front, the first and third 
iroject farther forward than the second, and form the sides of a deep recess into 
rhich the base of the second metatarsal bone is received. 



Pio. 236. — The Left First Coneiforu. (Medial surface.) 



Facet for ttw toDdoa ol Uw t 



The first cuneiform [os cuneiforme prii ,_^.. , _, _, 

iie and by the fact that when articulated, the base of the wedge is directed downward and tl 
pex upward. The posteiior surface ia concave and pyriforui for articulfltion with the medial 
icet on the anterior surface of the navicular. The anterior surface forms a reniform articular 
icet for the base of tbe first metatarsal. The medial surface is rough, and oretienta an oblique 
roove for the tendon of the libialit ajiierior; this firoove is limited iiueriorly by an oval facet 
ltd which a portion of the tendon is inserted. The Lateral surface is concave and presents along 
a superior and posterior borders a reversed L-ehaped fucet for articulation with the second 
uneiiorm, and, at ita anterior extremity, with the second metatarsal. Anteriorly it is rough 
)r ligaments. The Inferior surface is rough for the insertion of the peroTteux longut, libiatii 
nterior, (md (usually) the tibudit posterior. The superior surface is the narrow ptut of the 
"edge and is directed upward. 

Fio 237. — The Left First Cdneiporu. (Lateral aspect.) 





Articulations. — With the navicvilar behind, second cuneiform and second metatarsal on 
:s lateral side, and hrst metatarsal in front. 

Ossification. — From a ningle nucleus which appears in the course of the third year. 

The second cuneiform [os cuneiforme eeouuduro] (fi«8. 238, 239) ia placed with the broad 
xtremity upward and the narrow end downward, and is readily recognised by its nearly 
quare base. The posterior surface, triangular and concave, articuUtes with the middle facet 
a the anterior surface of the navicular. The anterior surface, also Iriangidar, but narrower 
han the posterior surface, articulates with the base of the second metatarsal. The medial 
nrface has a reversed L-shaped facet running along its superior and posterior margins for 
rticulatjon with the corresponding facet on the first cuneiform, and is rough elsewhere for the 
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attachment of Hgameats. On the Utetal surface near its posterior border is a vertical facet, 
sometimes bilobed, for the third cuneiform, and occasionally a second facet at the anterior 
inferior angle. The Buperior surface forms the square-cut base of the wedge and is rough for 
the attachment of ligaments. The inferior surface is sharp and rough for Hgaroeots and a slip 
of the tendon of the tOrialia ■poaterior. 

Fio. 238. — The Left Second Ccneiporu, (Medial surface.) 




Articulations. — With the navicular behind, second metatarsal in front, third cuneiform on 
the lateral side, and first cuneiform on the medial side. 

OssiScatloii. — From a single nucleus which appears in the fourth year. 

The third cuneiform bone (fi^. 240, 241) also placed with the broad end directed upward 
and the narrow end downward, is distinguished by the oblong shape of its base. LiCie the 

Fia. 239. — The Lept Second Cuneiform. (Lateral surface.) 

^^S/^^- — I — For third cooeUomi 




second cuneiform, the posterior surface |>resentH a triunKular facet for the navicular; and the 
anterior surface a triangular facet, lonicer and narrower, for the third metatarsal. The medial 
surface has a large facet extending along the posterior border for the second cuneiform, and 
along the anterior border a narrow irregular facet for the lateral side of the base of the second 
metatarsal. Occasionally, a small facet is present near the anterior inferior angle for the second 



Fio, 240.— The Left Thikd Ci 



(Medial surface.) 




InlRiar as^ 1* fw 



cuneiform. The lateral surface has a large distinctive facet near itM posterior superior an^ 
for the cuboid, and at the anterior superior angle there is usually a small facet for the medial 
side of the base of the fourth metatarsal. The superior surface, oblong in sha|)e, is rough for 
ligaments, and the inferior, forming a rounded margin, receives a slip of the tihialU posterior 
and gives origin to a. few fibres of thejlejor hallucit bretiis. 



Fia. 241.— The Left Thihd Cdneifobm. (Lateral surface.) 




Articulations. — With the navicular behind, third metartarsal in front, cuboid and fourth 
metaiarsal on the lateral .side, second cuneiform and second metatarsal on the medial side. 
Ossification. — A single nucleus appears in the course of the first year. 
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The Cuboid 
The cuboid (figs. 242, 243, 244), irregularly cubical in shape, is placed on the 
lateral aspect of the foot, foTming a continuous line with the calcaneus and the 
fourth and fifth metatarsals. 

Its posterior surface is somewhat quEidrangul&r with rounded aaglea and preeenta a saddle- 
shaped articular surface for the caleaneuH. Its lower and medial angle is somewhat prolonged 
baCKward beneath the sustentaculum tali (calcaneal process of the cuboid), an arrangement to 
oppose the upward or outward movement of the boae. This process occasionally terminates 



Fig. 242.— The Left Cuboid. (Medial 
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in a rounded facet which plays on the head of the talus lateral to the facet fortbe calcaneo 
navicular ligament. The anterior surface is smaller and divided by a vertical ridge into two 
articular facets, a lateral for the bsae of the fifth, and a medial for the base of the fourth meta- 
tarsal. The BnpetJor BOlface is rough, non-articular, and directed obliquely upward. The 
inferior surface presents a prominent ridge for the attachment of the long pkntar (calcaneo- 
cuboid) ligament, in front <rf which is a deep groove — the peroneal groove — running obliquely 
forward and medially and lodging the tendon of the peronenx Umgus. The ridge terminates 
laterally in an eminence, the tuberosity of the cuboid, on which there is usually a facet for a 




The medial surface presents, near its middle and upper part, an oval facet for articulation 
with the third cuneiform bone (fiz- 242); behind this, a second facet for the navicular is fre- 
quently seen (fig. 243). Generally the two facets are confluent and then form an elliptical 
surface (fig. 244). The remainder of this surface is rough for the attachment of strong intei^ 
oaaeous ligaments. 

The Uteral aniface, the smallest and narrowest of all the surfaces, presents a deep notch 
which leads into the peroneal groove. 

Articulations. — With the calcaneus behind, fourth and fifth metatarsals in front, third 
cuneiform and frequently the navicular on the medial side; occasionally also the talus. 



Fio. 244.— The Left CtJBOin. (Medial view.) 




Osdflcation. — The cuboid is ossified from a single nucleus which spears about the time 
of birth. , , 

Accessory tarsal elements. — As in the carpus, a number of additional elements may 
occur in the tarsus. The most frequent of these is the os trigoniun, which has already been 
noticed. Next in frequency is an additional first cuneiform, reaultinp from the oesification of 
the plantar half of that bone independently of the dorsal halt, so that the bone is represented 
by a plantar and a dorsal first cuneiform. Other additional elements ma>; occasioriHlly occur 
at the upper posterior angle of the sviBtentaculum tali; at the anterior superior angle of the cal- 
caneus, between that bone and the navicular; in the angle between the first cuneiform and the 
first and second metatarsals; and in the fibular angle between the fifth metatarsal and the 
cuboid (os Veaolianum). 
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The fibular portion of the navicular is aometimee united to the cuboid and quit« aepante 
from the rest of the navicular, the cuboid in such cases articulating with the talus. This con- 
dition suggests the recognition of the fibular portion of the navicular aa a distinct accessoij 
tarsal element, the etib&idtt seeundariian, though it has not yet been obaerved aa an inde- 
pendent bone in the human foot. 

THE METATARSUS 

The metatarsus [osaa metatarsalia] consists of a series of five somewhat 
cylindrical bones. Articulated with the tarsus behind, they extend forward, 
nearly parallel with each other, to their anterior extremities, which articulate 
with the toes, and are numbered according to their position from great toe to small 
toe. Like the corresponding bones in the hand, each presents for examination & 
three-sided shaft, a proximal extremity termed the base, and a distal extremity or 
head. The shaft tapers gradually from the base to the head, and is slightly 
curved longitudinally so as to be convex on the dorsal and concave on the plantar 
aspect. 

A typical metatarsal bone. — The shaft [corpus] is compressed laterally and 
presents for examination three borders and three surfaces. The two borders, dis- 
tinguished as medial and lateral, are sharp and commence behind, one on each side 
of the dorsal aspect of the tarsal extremity, and, gradually approaching in the 
nkiddle of the shaft, separate at the anterior end to terminate in the corresponding 



YiQ. 245. — The First (Left) Metatarsal. 
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tubercles. The inferior border is thick and rounded and extends from the under 
aspect of the tarsal extremity to near the anterior end of the bone, where it bi- 
furcates, the two divisions terminating in the articular eminences on the plantar 
aspect of the head. Of the three surfaces, the dorsal is narrow in the middle and 
wider at either end. It is directed upward and is in relation with the extensor 
tendons. The medial and lateral surfaces, more extensive than the dorsal, 
corresponding with the interosseous spaces, are separated above, but meet to- 
gether at the inferior border; they afford origin to the iTOerosseous muscles. The 
base is wedge-shaped, articulating by its terminal surface with the tarsus, and on 
each side with the adjacent metatarsal bones. The dorsal and plantar surfaces 
are rough for the attachment of ligaments. The head presents a semicircular 
articular surface for the base of the first phalanx, and on each side a depression, 
surmounted by a tubercle, for the attachment of the lateral ligaments of the 
metatarao-phalangeal joint. The inferior surface of the head is grooved for the 
passage of the fiexor tendons and is bounded by two eminences continuous with 
the terminal articular surface. 

The several metatarsals possess distinctive characters by which they can be 
readily recognised. 
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The flnrt metaUrul (fig. 24S) is the most modified of all the meUtarBal bones, and deviates 
widely from the generel descriptioDjgivea above. It ie the ahortefit, the thickest, the strongest, 
tad moat massive of the eeriee. 'Ilie base presents a large reniform, slightly concave facet 
for the first cuneiform and projects dowaward into the sole to form the tuberoai^, a rou^ 
eminence into which the j^ronew longu» and a slip of the lihialia anterior are inserted. A little 



Fia. 246. — Thb SEcotm (Lbft) Mbtatarbal. 




above the tuberosity, on its lateral side, there is occasionally a shallow, but easily recognised 
facet, for articulation with the base of the second metatarsal. The head is marked on the plan- 
tar surface by two deep grooves, separated by a ridge, in which the two sesamoid bones A the 
Jtexor AntiucM hrevia glide. The shaft is markedly prismatic. The dorsal sarfue is smooth, 
broad, and.convex, directed obliquely upward; the plantar surface ie concave longitudinally 



Fio. 247.— The Third (Left) Metatarsal. 
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and covered by the fiexor haUuds longue and breeis, whilst the lateral surface is triangular in 
outline, almost vertical, and in relation with the first dorsal inleroeieous and oifiiuctor haltuci» 
Mimiit. A few fibres of the medial bead of the first dorsal interoauova occasionally arise from 
the binder part of the surface adjoiuiug the base, or from the border separating the lateral from 
the dorsal surface. Somewhere near the middle of the shaft, and on its fibular side, is the 
nutrient foramen, directed toward the head of the bone. 
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The tecocd metattnal (fig. 246) ia the longeet of the Beries. Its base ia prolonped bid- 
ward to occupy the space between the Srst ana third cuneifonn, and accordinsly it M muktd 
by facets for articulation with each of theae bonCB. The tarsal surface is trianKiDar in outliu, 
with the base above and apex below, and articulates with the second cuneifonn bone. On tk 
tibial aide of tiie base, near the upper angle, is a small facet for the first cuneiform, and ocn- 

Fio. 248. — The Fourth (Left) Metatarsal. 




sionally another for the first metatarsal a little lon-er down. The fibular side of the base pre- 
sents an upper and a lower facet, separated by a non-articular depression, and each facet ii 
divided by a vertical ridse into two, thus mailing four in all. The two posterior facets articu- 
late with the third cuneiform and the two anterior with the third metatarsal. The base givei 
attachment to a slip of the tibialis posterior and the adductor haUucit oUtguua, whilst from the 



FiQ. 249.— The Fifth (Left) Metatarsal. 
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shaft the first and second dorsal interosseous muscles talie o 
situated on the fibular side of the shaft near the middle and is 

The third metatarsal {fig. 247), a little shorter than the second, articulates by the tri- 
angular surface of its base with the third cuneiform. On the medial side are two sniaU facets, 
one below the other, for the second metatarsal, and on the lateral side, a single large facet for 
the fourth metatarsal. The base gives attachment to a slip of the tibiali* potterior and the 
adductor haUucis obtiquus, and from the shaft three interosseous muscles take ori^n. The 
nutrient foramen is situated on the tibial side of the shaft and is directed toward the base. 
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The fourth metatarsal (fig. 248), smaller in size than the preceding, is distinguished by 
be quadrilateral facet on the base, for the cuboid. The medial side presents a large facet 
ivided by a ridge into an anterior portion for articulation with the third metatarsal and a 
osterior portion for the third cuneiform. Occasionally the cuneiform part of the facet is 
ranting. On the lateral side of the base is a single facet for articulation with the fifth 
letatarsal. 

The fifth metatarsal (fig. 249), is shorter than the fourth, but longer than the first. It is 
ecognised by the large nipple-shaped process, known as the tuberosity, which projects on the 
iXeraX side of the base. It constitutes the hindmost part of the bone and gives insertion to 
he peronetts hrevU on the dorsal aspect, and flexor hrevis digiti quirUi and the occasional 
bductar ossia metatarsi quinti on the plantar aspect. The fifth metatarsal articulates behind 
»y an obliquely directed triangular facet with the cuboid, and on the medial side with the 
ourth metatarsal. The plantar aspect of the base is marked by a shallow groove which 
odges the tendon of the abductor digiti quirUif and the dorsal sunace, continuous with the 
uperior surface of the shaft, receives the insertion of the peronetis tertius. The head is small 
.nd turned somewhat laterally in consequence of the curvature of the shaft in the same 
Lirection. The shaft differs from that of any of the other metatarsals in being compressed 
rom above downward, instead of from side to side, so as to present superior, inferior, and 
oedial surfaces. It gives origin to the lateral head of the fourth dorsal interosseous and the 
hird plantar interosseous muscles. The nutrient foramen is situated on its tibial side and is 
lirected toward the base. 

Ossification. — Each metatarsal ossifies from two centres. The primary nucleus for the 
haft appears in the eighth week of embryonic life in the middle of the cartilaginous metatarsal. 
U birth, each extremity is represented by cartilage, and that at the proximalend is ossified by 
xtension from the primary nucleus, except in the case of the first metatarsaL For this, a 
lucleus appears in the third year. 

The distal ends of the four lateral metatarsals are ossified by secondary nuclei which make 
heir appearance about the third year. Very frequently an epiphysis is found at the distal end 
»f the first metatarsal as well as at its base. The shafts and epiphyses consolidate at the twen- 
ieth year. The sesamoids belonging to the flexor hallucis brevis begin to ossify about the fifth 
ear. 

THE PHALANGES 

The phalanges (fig. 250) are the bones of the toes, and number in all fourteen. 
Except the great toe, each consists of three phalanges, distinguished as first 
proximal), second and third (distal) ; in the great toe the second phalanx is absent. 

Fig. 250. — The Phalanges of the Middle Toe. 
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There is thus a similarity as regards number and general arrangement ^vith the 
)halanges of the fingers. With the exception of the phalanges of the great toe, 
vhich are larger than those of the thumb, the bones of the toes are smaller and 
nore rudimentary than the corresponding bones of the fingers. In all the pha- 
anges, the nutrient foramen is directed toward the distal extremity. 

The phalanges of the first row are constricted in the middle and expanded at either ex- 
remity. The shafts are narrow and laterally compressed, rounded on tne dorsal and concave 
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pholangiB], grooved in the c«ntte and elevated on each side for the second phalaiu.. 

The phuanges of the second row are atunt«d, insignificant bones. Their shafts, besidet 
being much shorter, are flatter than those of the first row. The bases have two deprassiana, 
separated by a vertical ridge, and the heads present trochlear aurfaces for the ungual pbalangea. 

The third, or ungual phalanges are easily recognised. The baaea artieulste with the second 
phalanges; the shafts are expanded, forming the ungual tuberosities which support the naib, 
and their plantar surfaces are rough where they come into relation with the pulp of the digits. 

The muscles attached to the various phalanges may be tabulated thus: — 

The first phalanx of the hallux gives insertion to the flexor baUucis brevis; abductor hallucit; 
adductor halfucis transversus and obliquus; ext«naor digitorum brevis. 

The first phalanx of second tos : The first and second dorsal interosaeous. 

The first phalanx of third toe : Third dorsal interoaeeoua; first plantar interosseous. 

The first phalanx of fourth toe : Second plantar interosseous: fourth dorsal interosseous. 

The first phalanx of fifth toe: Third plantar interosseous; flexor digiti quinti brevis; and 
abductor digiti quinti. 

The terminal phalanx of hallux: Flexor hallucis longus; extensor hallucia longus. 
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The second phalanges of the remaining toes: Dorsal expansion of the extensor tendons, 
including extensor digitorum longus, extensor dijiitorum brevis {except in the case of ths fifth 
toe), and expansions from the interossei and lumbricalea. 

The third phalanges: Flexor digitorum longus; dorsal expansion of the extensor tendon 
with the associated muscles. 

Ossification. — Like the corresponding bones of the fingers, the phalanges of the toes ossify 
from a primarv and a secondary nucleus. In each, the centre for the shaft appears during ttie 
eighth or nintn week of embryonic hfe. The secondary centre forms a scale-hke epiphysis for 
the proximal end between the fourth and eighth years, and union takes place in the eighteenth 
or nineteenth year — i. e., earlier than the corresponding epiphyses in the fingers. The primary 
centres for the third phalanges appear at the distal extremities of the bones. 



Sesamoid Bones 

In the foot a pair of sesamoid bones is constant over the metatarso-phalangeal joint of the 
great toe in the tendons of the flexor hallucis brevis. One sometimes occurs over the intcr- 
phalangeal joint of the same toe and over the metatarso-phalangeal joints of the second and 
fifth and ruely of the third and fourth toes. 
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n the tendon of the peroneua longua, where it gUdes over tbo groove 

in the cuboid; another m&y be fouad, especially m lat^o'life, in the tendon of the tibialis antfirior 
orer the fint cuoeiform bone, and another in the tendon of the tibialis posteriM over the medial 
lurface of the head of the talus. Further a sesamoid, the fsbella, Bometimea occurs in the 
lateral head of the gastrocnemius, and another may be found in the tendon of the ilio-paoaa 
over the pubis. 

BONES OF THE FOOT AS A WHOLE 

Although the foot is conatructed on the same general plan as the hand, there 
is a marked difference in its architecture to qualify it for the different functions 
which it is called upon to perform. When in the erect posture, the foot forme a 
firm basis of support for the rest of the body, and the bones are arranged in an 
elliptical arch, supported on two pillars, a posterior or calcaneal pillar and an 

Fia. 252.— The Secokdaby Ossinc Centkbb of the Foot. 
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anterior or metataTsal pillar. It is convenient, however, to regard the anterior 
part of the arch as consisting of two segments, corresponding to the medial and 
lateral borders of the foot respectively. The medial segment is made up of the 
three metatarsal bones, the tlu'ee cuneiform, the navicular, and talus; the lateral 
segment is made up of the fourth and fifth metatarsal bones, the cuboid, and the 
calcaneus, and both segments are supported behind on a common calcaneal pillar. 
The division corresponds to a difference in function of the two longitudinal arches. 
Both are intimately concerned in ordinary locomotion. lu addition, the medial, 
characterised by its great curvature and remarkable elasticity, sustains the more 
violent concussions in jumping and similfir actions, whereas the lateral, less curved, 
more rigid, and less elastic arch forms, with the pillars in front and behind, a 
firm basis of support in the upright posture. 

Both arches are completed and maintained by strong ligaments and tendons. 
The weakest part is the joint between the talus and navicular bone, and special 
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provision is accordingly made, by the addition of a strong calcaneo-navicular liga- 
ment, for the support of the head of the talus. This ligament is in turn supported 
by its union with the deltoid ligament of the ankle, and by the tendon of the 
tibialis posterior which passes beneath it to its insertion. 

Besides being arched longitudinally, the foot presents a transverse arch formed 
by the metatarsal bones in front and the distal row of the tarsus behind. It is 
produced by the marked elevation of the central portion of the medial longitudinal 
arch above the ground, whereas the lateral longitudinal arch is much less raised, 
and at its anterior end becomes almost horizontal. Both the longitudinal and 
transverse arches serve the double purpose of increasing the strength and elasticity 
of the foot and of providing a hollow in which the muscles, nerves, and vessels of 
the sole may lie protected from pressure. 

Homology of the Bones of the Limbs 

That there is a general correspondence in the plan of construction of the two extremities is 
apparent to a superficial observer, and this becomes more marked when a detailed examination 
of the individual bones, their forms and relations, their embryonic and adult peculiarities, is 
systematically carried out. In each limb there are four segments, the shoulder girdle corre- 
sponding to the pelvic girdle, the arm to the thigh, the forearm to the leg, and the hand to the 
foot. These parts have been variouslv modified, in adaptation to the different functions of the 
two limbs, particularly as regards the deviations or changes from what is regarded as their primi- 
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tive position, and as a knowledge of these changes is essential to a clear understanding of the 
homologous bones, it will be advantageous to refer briefly to the relations of the limbs in the 
earliest stages of aevelopment. 

The limbs first appear as flattened, bud-like outgrowths from the sides of the trunk. Each 
presents a dorsal or extensor surface, and a ventral or flexor surface, as well as two borders, 
an anterior y or cephalic, directed toward the head end of the embryo, and a posterior or caudal, 
directed toward the tail end. In reference to the axis of the hmb itself, the borders have 
been called pre-axial and post-axial, respectively. When, somewhat later, the various divisions 
of the limb make their appearance, it is seen that the greater tuberosity, the lateral epicondyle, 
the radius, and the thumb lie on the pre-axial border of the anterior extremity, and the small 
trochanter, the medial condyle, the tibia, and the great toe on the pre-axial border of the 
posterior extremity. Further on the post-axial border of the anterior extremity are seen the 
lesser tuberosity, the medial epicondyle, the ulna, and little finger, whilst on the corresponding 
border of the posterior limb are the great trochanter, the lateral condyle, the fibula, and the 
little toe. The part« now enumerated on the corresponding borders of the two limbs must 
therefore be regarded as serially homologous (fig. 253). 
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It IB necessary to trace next the further changes which take place in the segments of the limbs 
up to the time when they assume their permanent positions. They may be arranged in stages 
as follows: — 

(1) Each segment of the limb is bent upon the one above it. The humerus and femur 
remain unchanged. The forearm segment, however, is bent so that the venlaral surface looks 
medially and the dorsal surface laterally. Moreover, the joints between these segments— i. e., 
elbow and knee — form marked proiections. The terminal sejgments (hand and foot) are bent 
in the opposite direction to the middle one, so that the primitive position is retained, and the 
ends of the dij^its directed laterally. It will be noticed that in this series of changes the relations 
of the pre-axial and post-axial borders of the limbs remain as before. 

(2) This stage consists in a rotation of the whole limb from the proximal end, though in an 
exactly opposite direction in each case. The anterior extremity is rotated backward so that the 
humenis lies parallel with the trunk; the elbow is directed toward the caudal end, the pre-axial 
(radial) border becomes lateral, and the post-axial border medial. The ends of the digits point 
backward. The posterior extremity undergoes a rotation forward to the same extent, so that 
the femur is also nearly parallel with the trunk; the knee is directed toward the head end, the 

g re-axial (tibial) border becomes medial, and the post-axial border lateral. The tibia and 
bula are parallel, the ends of the di^ts are directed forward, the great toe is on the pre-axial 
and the little toe on the post-axial border of the limb, and in this position the posterior extremity 
remains, the changes bemg finally completed by the extension of the limb at the hip-joint as the 
body attains its full development. 

(3) This stage affects tne anterior extremity alone and consists in a rotation of the radius, 
carrying the hand round the ulna so that the digits are brought round from the back to the front 
of the limb, and in many animals the manus is thus placed permanently in the prone position. 
But in man, in whom the capacity for pronation ana supination is highly developed, tne hand 
can assume either position at will. In ms case the final change is the extension which takes place 
at the shoulder-jomt with the assumption of the upright posture, the limb dropping loosely at 
the side of the body, and being endowed with the greatest freedom of movement. 

I{omological comparison of — 

I. The fiioulder and pelvic girdles. — Primarily the lateral half of each girdle consists 
of a curved bar or rod of cartilage placed at right angles to the longitudinal axis of the trunk and 
divisible into a dorsal segment, and a ventral segment, the point of division corresponding 
to the place of articulation with the limb-stalk — i. c., the glenoid and acetabular cavities. In 
the fore-limb the dorsal segment is the scapula, and the ventral segment the coracoid, whilst 
in the hind-limb the dorssd segment is the ilium and the ventral segment the ischium and 
pubis. 

The dorsal segments of the two girdles — i. e., scapula and ilium — are accordingly regarded 
as homologous bones, the chief difference being that whereas the scapula is free from articulation 
with the vertebral column, the ilium is firmly jointed to the rib elements (lateral mass) of the 
sacrum. But the correspondence is not quite so clear with regard to the ventral segments. In 
the primitive condition the coracoid articulates with the side of the sternum, an arrangement 
which persists throughout life in certain animals, such as reptiles and Ornithornynchus. But in 
all the higher mammals it undergoes reduction, withdrawing from the side of the sternum, and 
eventually forming a more or less rudimentary process attached to the scapula. In the more 
generalised form of shoulder girdle the ventral oar is double, consisting ot coracoid and pre- 
coracoid elements, the latter being situated in front and almost parallel with the coracoid. The 
pre-coracoid in mammals is larj^ely replaced by the development over it of the clavicle, a dermal 
or membranous splint-bone which eventually invades the underlying cartilage. Parts, however, 
remain distinct and form the sternal epiphysis of the clavicle, the int^-articular cartilage 
between it and the sternum, the supra-sternal bones, and the inconstant inter-articular cartilage 
in the acromio-clavicular joint. 

It has already been noticed that in the hip girdle the ventral segment also consists of two 
elements, the pubis and ischium. Both take part in the formation of the acetabular cavity, and 
the pubis meets in the ventral median line the corresponding segment of the opposite side. 

It is generally agreed that the coracoid and ischium are homologous structures. The pubic 
portion of the ventral segment appears to correspond most closely with the pre-coracoid element 
of reptiles, so that there is no true homologue of the clavicle in the pelvis. If, however, the 
clavicle corresponds to the reptilian pre-coracoid, as believed by many anatomists, it then be- 
comes the representative of the pubis. 

From a consideration of the condition in cranio-cleido-dysostosis, Mr. Fitzwilliams has 
put forward the following views regarding the homology of the shoulder girdle: — Coracoid bar 
is represented by (a) medial two-thirds of clavicle; (b) coraco-clavicular ligaments; and (c) 
sub-coracoid centre of coracoid process. The clavicula, a membranous bone, is represented 
by the lateral third of adult clavicle. The pre-coracoid bar is represented by: — (a) the coracoid 
process (less the sub-coracoid centre) ; ana (b) the costo-coracoid ligament. The epi-coracoid 
18 represented by the meniscus of the sterno-clavicular joint. 

Moreover, it is possible to establish a comparison between the individual parts of the ilium 
and scapula. A reference to fig. 253 shows that both the scapula and ilium may be resolved into 
three-sided prismatic rods, each of which has three surfaces and three borders. In the primitive 
position of the limb one surface — the internal — is turned toward the vertebral column, the 
remaining surfaces are extenialy and named pre-axial SLud postnixialy corresponding to the borders 
of the limb. The borders separating the internal from tne external surfaces are antero-internal 
(terminating in the acromion or pubis) and postero-internal (terminating in the coracoid or 
ischium). The two external surfaces are separated by a ridge, terminating below at the upper 
margin of the glenoid cavity or acetabulum (glenoid and cotyloid borders). 

The primitive arrangement is lost by the marked growth of the borders of the rods leading 
to the formation of fossae and by the rotation of each rod, the scapula laterally and the ilium 
medially f in association with the rotation which takes place in the tree part of the limb, so that 
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the inner surface of the one comes to correspond with the outer surface of the other. It retuitt 
that the primitive vertebral iurface of the scapula ia now the pre-acapular or Bupraqiiiioiii 
foaaa, ana the correHpondinf; surface in the ilium le the sacral, whicn, oo account of its close eoit- 
oection with the vertebral column, uuderKoea but little change in position. Ftnlher, the primi- 
tive pre-axial surfaces are the infraspinous fossa and the ihac fossa, which accordingly are (o 
be regarded as homologous, as well as the two poat-axial surfaces, the sulMcapular fossa and the 
dorsum ilii. The correspondence between the various parta of the scapula and ilium is shown 
ia the appended table (after Flower). 



L Surfaces: 
n. Borders: 



SCAPTJU 



Jraspinous fossa. 
Subscapular fossa. 
Axillary or glenoid. 

Superior or ooracoid. 
Base. 



Phiuitive 
Akranobment 
Vertebral. 
Pro-axial. 
Post-axiaL 
External. 

Autero-internal. 

Poatero-internaL 
Doraal extremity. 



lUUH 

Sacral surface. 
Iliac fossa. 
Gluteal surface. 
Cotyloid or anterior 

Terminal line. 
Posterior border. 
Crest of ilium. 



n. Bonei of the arm and thigh, forearm, and leg.^It has already been pointed out in 
describing the deviation of the limSe from the primitive position that the humerus 0(»TWpoDdi 
to the femur, the radius to the tibia, and the ulna to the fibula: also that in consequence of the 
rotationbackwardof the fore-limb, and forward of the hind-limli, the lateral aide of the faumsui 
corresponds with the medial side of the femur, the radial border of the forearm to the tibial 
border of the leg, and the ujnar (border of the forearm) to the fibular border of the 1^ The 
corresponding porta are tabulated below: — - 



POB£-LlUB 

Humerus 

Greater tuberosity 

Lesser tuberosity 

Lateral epicondyle and capitulum 

Medial epicondyle and trochlea 
Hadiufi 
Ulna 
Noi repreiented 



HlND-LlUB 

Lesser Trochanter 
Great Trochanter 
Medial Condyle 
Lateral Condyle 
Tibia 

Patella 



nL Bones of the hand and foot. — It is obvious that the carpus and taraus, the meta- 
carpus and metatarsus, and the various digits, commencing at the thumb, in the hand, and at 
the great toe, in the foot, are serially homologoua. 

Fig. 2&i. — Dobsai, Surface o 




In order to trace the correspondence between the various elements of the carpus and tarsus 
it is convenient to refer in the first place to the primitive ^pe of hand and foot as found in the 
water- tortoise and the liiard (&g. 254). In each segment nine elements may be recognised, 
arranged in a proximal row of three, named respectively radiale or tUnale, iTtlermedium, and 
uinore, or jibu^ore, a distal row of five carpaiia, or laraalia, numbered from one to five, commenc- 
ing at the pre-axial border, and between the two rowe an os centrale. 

In man the oarpua ia derived from the typical form in the following manner: The radiale 
forms the navicular, intermedium the luaate, and the ulaare, the triquetral; carpale I forms 
the greater multangular, carpale II the Icaaer multangular, carpale III the capitate, whilst car- 
pidia IV and V coalesce to form the hamate. The os centrale is present in tne human carpus 
at an early stage, but in the second month it joins the navicular. It ia oocaaionally separate — 
a normal arrangement in most of the primates. 
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In the tarsus, the tibiale and intermedium coalesce to form the talus, and the fibulare 
>eoomeB the calcaneus. It is interesting to note that although in the human subject there are 
iuree bones in the first row of the carpus and two in the first row of the tarsus, in carnivores the 
laTicular and lunate are united to form a naviculo-lunate bone — the homologue of the talus. 
[n the human tarsus the intermedium occasionally remains distinct as the os trigonum, 

Tarsale I forms the first cuneiform, tarsale II the second cuneiform, tarsale III the third 
suneiform, and tarsale IV and V are joined to form the cuboid. The os centrale forms the 
layicular. 

In addition to the carpal and tarsal elements enumerated above, brief mention must now 
>e made of the sesamoid bones of the two segments, which are regarded by many anatomists 
is vestiges of suppressed di^ts. In the hand are the ulnar and radial sesamoids, the ulnar 
>eing represented Dy the pisiform and the radial probably by the tuberosity of the navicular. 
[In the mole and other allied species with fossonal habits, the radial sesamoid is greatly de- 
P'eloped to form a sickle-shaped Done which has received the name of os fcdciforme.) 

The corresponding structures in the foot are the tibial and fibular sesamoids, the tibial 
3eing most nearly represented by the tuberosity of the navicular and the fibular by the tuber 
3f the calcaneus. 

Fablb Showing the Homoloqous Bones op the Cabpus and Tarsus. (After O, D, Thane 

in Quoin's Anatomy.) 

Cabpus PRiMmvE Names Tabsus 



Triquetral 

Piaiiorm 

Lunate 

Navicular 

Greater multangular 
Lesser multangular 
Capitate 

Hamate 



Ulnare 

Ulnar sesamoid 

Intermediimi 

Radiale 

Radial sesamoid 

Centrale 

Carpale I 



{ 






III 

IV 
V 



Fibulare 

Fibular sesamoid 

Intermedium 

Tibiale 

Tibial sesamoid 

Centrale 

Tarsale I 

II 

III 

IV 

V 



it 



It 



] 



Calcaneus 
Talus 

Navicular 

First cuneiform 
Second cuneiform 
Third cuneiform 

Cuboid 



References. — For the development of the skeleton, consult the bibliography 
in Bardeen's article in Keibel and Mall's * Human Embryology,' Vol. 1. For 
further references concerning the aduU structure and morphology of the skeleton, 
the sections on osteology in the larger works on human anatomy by Quain, von 
Bardeleben, Rauber-Eopsch. Poirier-Charpy, etc., should be consulted. Refer- 
ences to the most recent literature may be found in Schwalbe's Jahresbericht, 
the Index Medicus, and in the various anatomical journals. 
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HXAD or THB DBPARTMBNT OW ANATOMY AND LBCTURBR IN TBB LONDON SCHOOL OV MBDZCINB FOR WOMBN. 

Originally Written, and Revised in Previous EdltionSt 
By Sir Henrt Morris. M.A., M.B. 

THE CONSTITUENTS OF AN ARTICULATION 

THE section devoted to the Articulations or Joints deals with the union of the 
various and dissimilar parts of the human skeleton. The following struc- 
tures enter into the formation of joints. 
Bones constitute the basis of most joints. The long bones articulate by their 
ends, the flat by their edges, and the short at various parts on^their surfaces. The 
articular ends are usually expanded, and are composed of cancellous tissue, sur- 
rounded by a dense and strong shell of compact tissue. 

This shell has no Haversian canals (the vessels of the cancellous tissue turn back and do 
not perforate it), or large lacuns, and no canaliculi, and is thus well adapted to bear pressure. 
This "osteoid" layer may represent in part calcified cartilage rather than true bone. 

The cartilage which covers the articular ends of the bones is called articulari 
and is of the hyaline variety. It is firmly implanted on the bone by one surface, 
while the other is smooth, polished, and free, thus reducing friction to a minimum, 
while its slight el^ticity tends to break jars. It ends abruptly at the edge of the 
articulation, and is thickest over the areas of greatest pressure. 

Another form of cartilage, the white fibrous, is also found in joints: — 

(i) As interarticviar cartilage in diarthrodial joints — viz., in the knee, mandibular, 
sterno-clavicular, radio-carpal, and occasionally in the acromio-clavicular joint. It is interposed 
between the ends of the bones, partially or completely dividing the synovial cavity into two. 
It serves to adjust dissimilar bony surifacea, adding to the security of, while it increases the 
extent of motion at, the joint; it also acts as a buffer to break shocks. 

(ii) As circumferenttal or marginal fibro-cartilages, which serve to deepen the sockets 
for the reception of the heads of bones — e. g., the glenoid ligaments of the shoulder and hip. 
Another form of marginal plate 'is seen in the accessory volar ligaments of the fingm 
and toes, which deepen the articulations of the phalanges and add to their security. 

(iii) As connecting fibra-^artUage. The more pliant and elastic is the more cellular form, 
and is found in the int^vertebral discs; while the less yielding and more fibrous form is seen in 
the sacro-Uiao and pubic articulations, where there is little or no movement. 

The ligaments which bind the bones together are strong bands of white fibrous 
tissue, forming a more or less perfect capsule [capsula articularis], round the articu- 
lation. They are pliant but inextensile, varying in shape, strength, and thick- 
ness according to the kind of articulation into which they enter. They are closely 
connected with the periosteum of the bones they unite. In some cases — as the 
ligamenta flava which unite parts not in contact — they are formed of yellow 
elastic tissue. 

The synovial membrane [stratum synoviale] lines the interior of the fibrous 
ligaments, thus excluding them, as well as the cushions or pads of fatty tissue 
situate within and the tendons which perforate the fibrous capsule, from the 
articular cavity. It is a thin, delicate membrane, frequently forming folds and 
fringes which project into the cavity of the joint; or, as in the knee, stretches across 
the cavity, forming a so-called synovial ligament. In these folds are often found 
pads of fatty tissue, which fill up interstices, and form soft cushions between the 
contiguous bones. The amount of fat that is normally present within a joint 
varies greatly. It is an old observation that although there is always fat in the hip- 
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and knee-joints, tliore is usually none within the shoulder-joint. Sometimes 
these fringes becomi: villous and pedunculated, and cause pain on movement of 
the joints. They contain fibro-fatty tissue, with an isolated cartilage cell or two. 
The synovial membrane is well supplied with blood, especially near the margins of 
the articular cartilages and in the fringes. It secretes a thick, glairy fluid Uk» 
white of egg, called synovia, which lubricates the joint. Another variety <rf 
synovial membrane is seen in the burste,' which are interposed between vaiiofu 
moving surfaces. In some instances bursa; in the neighbourhood of a joint may 
communicate nith the synovial cavity of that joint. 

CLASSIFICATION OF ARTICULATIONS 

Joints may be clarified: — (a) From an anatomical point of view, with regard 
to the substances and the arrangement of the substances by which the constituent 
parts are united. (6) From a physiological standpoint, with regard to the greater 
or smaller mobility at the seat of union, (c) From a physical standpoint, either 
the shapes of the portions in contact being mainly considered or the axes round 
which movement can occur. Or again (d) a combination of the preceding methods 
may be adopted, and this is the plan most generally followed. None of the classi- 
fications hitherto used is quite satisfactory, but perhaps, on the whole, 
suggested by Prof. Alex. Macalister is the least open to objection, and thi 
with alight modification it is utilised here. 

There are three chief groups of joints: — ^ 

1. Synarthroses. In joints of this class the bones are united by fibrous tissue. 

2. Synchondroses. Or joints in which the uniting substance intervening be- 
tween the bones is cartilage. 

3. Diartkroscs. The constituent parts of joints of this class are (a) two or more 
bones each covered by articular hyaline cartilage; (6) a fibrous capsule uniting the 
bones, and (e) a syuovial membrane which lines the fibrous capsule and covers 
any part of bone enclosed in the capsule and not covered with articular cartilage. 
An interarticular plate of cartilage may or may not be present. 



le clossi- 






SjnarthroBea.- , 

(a) Suture* or immovable joinU, in which the fibrous tinu« between the bonaa ■ 
small in amount to allow movement. 

(1) Harmonic. The edges at the bones are comparatively smooth and are 
apposition, e. «., vertical plate of palate and maxilla. 

(2) Squamirus. The margin of one bone overlaps the other, e. g., temporal am) 
partetaL 

!3) Serrate. The opposed edges interlock by processes tapering to a point. 
4) Dentate. The opposed edgea are dovetailed. <>. g., occipital and parietal. 
(fi) Liirtbout. The opposed edges alternately overlap, e. g., parietal and rrontal. 

(6) SehindyUiia. A ridge or flatlened process ia received into a corrcaponding 
eookot, r. g,, rostrum of Bpheooid aiid vomer. 

(7) Gomphimiii. A peg-like process is lodged in a corrcaponding socket, c. g,, the 
fan09 of the teeth. 

(6) SyTutetmiaee. Movable joints in which the fibroua tissue between bones or oarti- 
lages 19 Buffioiently Ian to allow movement between the connected parts, o. g., 
thyreo-byoid memorane. [nteroaseous membranes of forearm and le^. 
I. Synchondroses. — In ail synchnndroses a certain amount of movement is possible, and 
they are often called amphiartbroecs. 

(1) Trvt aifTichimdraaet. The cartilage connecting the bones ia the remains of the bar 
in which the bones were ossified, e. g., occipito-sphenoidal joint. 

(2) FaUt tynckondrotet. The plate of cartilage intervening between and connecting 
the bonea is fibro-cartilage and ia not port of the cartilage in which the bonea were 
owified, but is developed aeporately. o. g,, intervertebral joint and pubic sym- 
phyals. The articular end of each bone may be covered with hyaline cartilage 
and there may be a more or less well-marked cavity in the intervening plate of 
fibro-cartilagp. 



. Diarthroses. — In diarthrodial joints the surfaces in contact may be equal and similar 

or uneoual and dissimilar. Ini'' ' " " -'-■- --- • '-'- '- "■-■ 

latter, netcruraorpbic. 



■oual and dissimilar. In the former case the joints are homomorphloi In 



(A) llonurmarpta.. 

(«) Plane or arthrodial. Flat surfaces, admitting gliding movement, 
inturaarpol and ajrumlo-i^laviuulur joinla. 

(b) Ephipptat. Saddle-shaped surfaces placed at right anglea to each ol 

mlttlng free movement In all directions, e. g., metacarpo-phalaiigBal 
of thumb. 
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(B) HeUromorphir. 

(o) BnaTlkrodial. BaU-and-aocket, alloning the most tree movement, e- g., hip- 

and shoulder-joinla. 
(6) CondylaTlhrosti. The convex surface is eltipaoidal, and fits into a corresponding 

concavity, e. g., wrist and metBcarpo-phalaageaJ joints, 
(e) Ginglymi. One aurface consists of two conjoined condyles or o( a segment of 
a cone or cylinder, and the opposite surface nas a reciprocal coototir. In these 
joints movement is only permitted round one axis, which may be transverse; 
e. g., dbow, ankle; or it may be vertical, in which case the joint is trochoid; 
e. g., odontoid process of axis with atlas, radius with ulna. 
Such a classification should be considered as being purely academic and the student tnuat 
always remember that it is not enough to discuss a joint by assigning it to a particular class is 
soy scheme; for he must be familiar with the actual conditions present in every joint. No 
elossiS cation, however perfect, must be taken as final, and each joint should be studied as a 
■eparate thing altogether apart fron) any general systematic arrangement. 

DEVELOPMENT AND MORPHOLOGY OF JOINTS 

The arrangement of the various ports which constitute an articulation is best appreciated 
by a study of the development of the various types of joints. In this way it is easy to recog- 
nise a primitive condition typical of each class; but it must be remembered that various mocU' 
fications take place during growth, that these modifications vary in the individual joints, and 
produce Eulult departures from the primitive arrangement which are peculiar to each joint and 
wtdch must be studied separately. 

In the case of bonce ossifying in membrane the articulation will be a suture, the oasificalions 
from neighbouring centres extending until they practically come into contact. 

Fia, 255, — Development of Joi.>fT8 

A. Stage in which primary embryonic tissue separates the developing cartilages. 

B. Primary embryonic tissue transformed into cartilage (synchonarosis), or fibrous 
live tissue (syndesmosis). 

C. Degeneration of embryonic tissue with production of a joint cavity (diarthrosis). 



r nmM 



iSr*i** 




LWitb cartilage bones the articulation may be cither a syndesnioaia, a synchondrosis, or a 

I dlarthrods. The embryonic tissue in which the cartilage is to develop is at first continuous; 

f centres of cbondrification, corresponding In number to the bony elements which are destined to 

be formed, appearing in it. As the chondrifi cations approach each other a small portion of the 

primary embiyonic tissue persists between them (fig. 255), and it is the subsequent fate of 

Uls intermediate tissue that determines the nature of the articulation. 

(1) When the ossification of the cartilage occurs to form the articulating bones, the inter. 
\ Bwdlate tissue may undergo transformation into cartilage (fig. 255), a syncbondrosis being 
'•"'IS produced. (2) Or the intermediate tissue may be converted into fibrous or 
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(fig. 255), the result being a syndesmosis. (3) Or, finally, the central portion of the inter- 
mediate tissue may degenerate, so that an articular cavity is produced, the peripheral portions 
being converted into connective tissue, forming a sleeve-like capsule surrounding the cavity, 
continuous at either extremity with the periosteum of the articulating bones (fig. 255). This 
is the articular capsule, and the connective-tissue cells arranging themselves in a layer upon 
its inner surface give rise to a synovial membrane. As the resmt of these processes a diarthrosis 
is produced, and from its mode of formation it is clear that the cavity of such an articulation is 
completely closed. 

In a typical diarthrosis there is therefore a ligamentous capsule which entirely encloses the 

t'oint cavity, which is continuous with the periosteum of the bones entering into the articulation 
>ut which IS not attached to nor reflected onto the cartilaginous ends of the bones which consti- 
tute the articulating surfaces. Such a capsule constitutes the primitive bond between the articu- 
lating bones and furnishes a complete lubricating bag in which these smooth cartilaginoiis 
ends glide over one another. This primitive capsule, however, becomes modified in most adult 
joints, (1) by unequal development of various parts of the capsule; and (2) by the more or less 
complete incorporation of other structures w^hich are developmentally separate from the capsule. 
Under the first heading come specially thickened bands which may be so distinctly marked ofi 
from the rest of the capsule as to be named as separate ligaments (e. g., the temporo-mandibular 
ligament of the mandibular joint). Again certain thickened bands of capsule may, with 
alteration of joint contour, take up anatomical positions which are apparently separated from 
the rest of the capsule; advanced examples of this process are, in all probability, seen in the 
ligamentum teres of the hip-joint and the crucial ligaments of the knee. Under the second 
heading comes a series of ligaments derived from a great variety of sources; the most common 
origin being from the divorced or rearranged tendons of the muscles around the joint. 

Muscles arising from, or inserted into, bones in the immediate vicinity of a joint tend to 
become metamorpnosed into tendon near their attachments, and a comprehensive study of 
myology in low vertebrate forms indicates that there is associated with this tissue-change a 
tendency for the muscle to alter its point of attachment; hence a muscle originally inserted below 
a joint may eventually come to have its insertion above the joint. In the same way, a muscle 
arising above a joint may, as a result of altered environment, shift its origin to some point below 
the joint. To this change of position the term migration of muscles has been applied. In 
many instances a portion of the muscle equivalent to the distance between the original and the- 
acquired attachment persists as a fibrous band and fulfils the function of a ligament. This is welL 
seen in the knee-joint, where the tibial collateral ligament is derived from the adductor magnus^ 
this muscle having snifted its insertion from the tibia to the femur. In the same way the 
fibular collateral ligament represents the tendon of the peroneus longus, which has migrated, 
from the femur to the head of the fibula. 

Among other ligaments derived in a similar way from muscles may be mentioned the sacro^ 
inberous ligament. This was originally the tendon of origin of the biceps femoris. (H. Morris, 
Med. Times and Gazette, 1877, p. 361.) The sacro-spinous is derived from the fibrous retro- 
gression of portions of the coccygeus. The sacro-coccygeal ligaments represent the muscles 
which lift, depress, and wag the tail in those mammals furnished with such an appendage; 
indeed, these ligaments are occasionally replaced by muscle-tissue. 

The coraco^umeral ligament is derived from the original tendon of insertion of the pectoralis 
minor, and not unfrequently the muscle is inserted into the leaser tuberosity of the humerus, the 
ligament being then replaced by the tendon of the muscle. The coraco-clavicular^ rhomhcid, and 
gUno-humeral ligaments are probably derived from modifications of the subclavius muscle. 

Other anatomical structures besides muscles may, when degenerated or functionally 
altered^ form the basis of ligament-s in connection with joints. The sphena-mandibular ligament 
is the fibrous remnant of the cartilaginous mandibular bar. 

The pulpy substance in the centre of each intervertebral disc is derived from the notochord; 
the apical ligament passing from the tip of the dens to the anterior margin of the foramen 
magnum is a remnant of the sheath of the notochord, and indicates its position as it passed 
from the vertebral column into the base of the cranium. The transverse ligament of the atlas 
(as pointed out by Professor Cleland) is a persistent and functional form of the posterior conjugal 
ligament uniting the rib-heads in seals and many other mammals, whilst the interosseous 
ligament of the head of a rib in man is the feeble representative of this structure in the thoracic 
region of the spine. The ligamentum conjugate costarum was described by Mayer in 1834 
(MUller's Archiv fQr Anatomic). According to Luschka's account of this ligament it would 
seem as though the posterior superior fibres of the capsule of the costo-central joint represented 
it in man, rather than the interosseous ligament. 

THE MOVEMENTS OF JOINTS 

The movements which may take place at a joint are either gliding, angular, 
rotatory, or circumduotory. 

The p;liding motion is the simplest, and is common to all diarthrodial joints; it consists of a 
simple sliding of the apposed surfaces of the hones upon one another, without angular or rotatory 
motion. It is the only kind of motion permitted m the carpal and tarsal joints, and in those 
between the articular processes of the vertebrcp. 

The angular motion is more elaborate, and increases or diminishes the angle between differ- 
ent part4*. There are foiu* varieties, viz., flexion and exlensiony which bend or straighten the 
various joints, and take place in a forward and backward direction (in a perfect hinge-joint this 
is the only motion permitted) ; and adduction and abduction, which, except in the case of the fin- 
gers and toes, signifies an approach to, or deviation from, the median plane of the body. In the 
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caae of the hand, the line to or from which adduction and abduction are made is drawn through 
the middle finger, while in the foot it is through the second toe. 

Rotation is the revolution of a bone about its own axis without much change of position. 
It is only seen in enarthrodial and trochoidal joints. The knee also permits of slight rotation in 
certain positions, which is a distinctive feature of this articulation. 

Circumduction is the movement compounded of the four angular movements in quick 
succession, by which the moving bone describes a cone, the proximal end of the bone forming the 
apex, while the distal end describes the base of the cone. It is seen in the hip and shoulder, as 
well as in the carpo-metacarpal joint of the thumb, which thus approximate to the ball-and- 
socket joint. 

In some situations where a variety of motion is required, strength^ security, and celerity 
are obtained by the combination of two or more joints, each allowing a different class of action, 
as in the case of the wrist, the ankle, and the head with the spine. Many of the long muscles, 
which pass over two or more joints, act on all, so tending to co-ordinate their movements ana 
enabling them to be produced with the least expenditure of power. Muscles also act as elastic 
ligaments to the joints; and when acting as such, are diffusers and combiners, not producers 
of movement; the short muscles producing movement, the long diffusing it, and thus idlowing 
the short muscles to act on more than one joint. 

Muscles are so disposed at their attachments near the joints as never to strain the liga- 
ments by tending to pull the bones apart, but, on the contrary, they add to the security of we 
joint by bracing the bones firmly together during their action. 

The articulations may be divided for convenience of description into those: 1. 
of the Skull; 2. of the Trunk; 3. of the Upper Limb; and 4. of the Lower Limb. 

THE ARTICULATIONS OF THE SKULL 

The movable articulations of the skull comprise (1) the mandibular; and (2) 
those between the skull and the vertebral column, namely (a) between the occiput 
and atlas; (6) between the atlas and epistropheus (axis); and (c) the ligaments 
which connect the occiput and epistropheus. 

The union of the atlas and epistropheus is described in this section because, 
(1) there is often a direct communication between the synovial cavity of the trans- 
verse epistrophic and the occipito-atlantal joints; (2) the rotatory movements of 
the head take place around the dens (odontoid process) ; and (3) important liga- 
ments from the dens pass over the atlas to the occiput. 

(1) THE MANDIBULAR ARTICUT.ATION 

Class. — Diarthrosis. Subdivision. — Candylarthroais. 

The parts entering into the formation of this joint (figs. 256, 257) are: — the 
anterior portion of the mandibular fossa and glenoid ridge (eminentia articularis) 
of the temporal bone above, and the condyle of the lower jaw below. Both are 
covered with articular cartilage, which extends over the front of the glenoid ridjge 
to facilitate the play of the interarticular cartilage. The ligaments which unite 
the bones are : 

1. Articular capsule. 3. Spheno-mandibular. 

2. Articular disc. 4. Stylo-mandibular. 

The articular capsule is often described as consisting of four portions, anterior, 
posterior, lateral and medial, which are, however, continuous with one another 
around the articulation. 

1. The anterior portion consists of a few stray fibres connected with the anterior margin 
of the articular disc, and attached below to the anterior edge of the condyle, and above to the 
front of the articular eminence. Some fibres of insertion ofthe external pterygoid pass between 
them to be inserted into the margin of the articular disc. 

2. The posterior portion is attached above, just in front of the petro-tympanic {OUiaerian) 
fissure, and is insertea into the back of the jaw just below its n^ck. 

3. The lateral portion or temporo-mandibular (external lateral) ligament (fig. 256) is the 
strongest part of the capsule. It is broader above, where it is attached to the Tower edge of 
the zygoma in nearly its whole lengthy as well as to the tubercle at tha point where the two 
roots of the zygoma meet. It is inchned downward and backward to oe inserted into the 
condyle and neck of the mandible laterally. Its fibres diminish in obliquity and strength from 
before backward, those coming from the tubercle being short and nearly vertical. 

4. The medial portion (or short internal lateral hgament) (fig. 257) consists of well-defined 
fibres, having a broad attachment, above to the lateral side of the spine of the sphenoid and 
medial edge of the mandibular fossa; and below, a narrow insertion to tne medial side of the neck 
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The articular disc (fig. 258) is an oval plate of fibro-cartilage interposed between 
and adapted to the two articular surfaces. It is thinner at the centre than at the 
circumference, and is thicker behind, where it covers the thin bone at the bottom 
of the mandibular fossa which separates it from the dura mater, than in front, 
where it covers the articular eminence. 

Pia. 256.— Latbbai, View or tbe Mandibolak Joint. 




Jta inferior tvrface is concave and fitB on to the condyle of the lower jaw; while its tuperior 
turface ia concavo-convex from before backward, and is in contact with the articulAr surfaoe 
of the temporal boii«. It divides the joint into two separate synovial CBvitiee, but is oeoMion- 
&lly perforated in the centre, and thus allows them to communicate. It is connected with tbe 
articular capsule at it« circumference, and has some fibres of the externallpierygoid musele 
inserted into its anterior margin. 

There are usually two synovial membranes (fig. 258), the superior beii^ the 
larger and looser, passing down from the margin of the articular surface above, to 
the upper surface of the articular disc below; the lower and smallM' one passes 
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from the articular disc above to the condyle of the jaw below, extending somewhat 
further down behind than in front. When the disc is perforated, the two sacs 
communicate. 

The spheno-DUndibular ligament (long internal lateral) (fig. 257) is a thin, 
loose band, situated some little distance from the joint. It is attached above to 
the spine of the sphenoid and contiguous part of the temporal bone, and is inserted 
into the lingula of the lower jaw. 

It covers the upper end of the mylo-hyoid groove, and is here pierced by the myto-kj/oid 
nerve. Its origin ia a little medial to, aad immediately behind, the origin of the medial por- 
tion of the capstde. It is separated from the joint and ramus of the jaw by the external jiery- 
goid muscle, the mUmal maxiliary artery and vein, the inferior alvMlar {dental) nerve and 
art«ry, the aurieuh-iempond nerve, and the middle jneningecd art«ry. It is really the fibrous 
remnant of a part of the mandibular (Meckelian) bar. 

The stylo-mandibular ligament (stylo-maxillary) (figs. 256 and 257) is a 
process of the deep cervical fascia extending from near the tip of the styloid proc- 
eaa to the angle and posterior border of the ramus of the jaw, between the maaaeter 
and ijiiemal pterygoid muscles. It separates the parotid from the submaxillary 
gland, and gives origin to some fibres of the stylo-gloaaus muscle. 

E Two SVNOVIAl 




Stilo-mindlbulu' UxUDMlt' 



ThearterUl supplyof the mandibular joint ia derived from the^temporal, middle meningeal 
and ascending pha^ngeal art«rie8, and from the latter by its brancbee to the Eustachian tube. 

The nerves are derived from the masseteric and auriculo-temporal. 

Movements. — The chief movement of this joint is of (i) a ginelymoid or hinge character, 
accompanied by a slisht gliding action, as in opening; or shutting the mouth. In the opening 
movement the condyle turns IiKe a hin^ce on the articular disc, while at the same time the ar* 
tioular disc, togethernith the condyle, Klides forward so as to rise upon the eminentiaarticularis, 
reaching as far as the anterior edge of the eminence, which is coated with articular cartilage 
to receive it; but the condyle never reaches quite so far as the summit of the eminence. Should 
the condyle, however, by excessive movement (as in a convulsive vawn), glide over the summit, 
it slips into the sygomatic fossa, the mandible is dislocated, ana the posterior portion of the 
capsule ia torn. In the shutting movement the condyle revolves back again, and the articular 
disc glides back, curying the condyle with it. Tms combination of the hinge and gliding 
motions ^vea a tearing as well as a cutting action to the incisor teeth, without any extra muscu- 
lar exertion. 

There i 
teeth are tl „ .,..,... 

compartment, because of the closer connection of the articular disc with the condyle than with 
the squamoaal bone, and also because of the insertion of the external pterygoid into both bone 
and cartilage. In these two sets of movements the joints of both aides are simultaneously and 
similar^ engaged. 

The third form of n 
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the vertical axis of its neck in the lower compartment, while the cartilage glides obliquely for- 
ward and inward on one side, and backward and inward on the other, upon the articular surface 
of the squamosal bones, each side acting alternately. If the symphysis be simply moved from 
the centre to one side and back again, and not from side to side as in grinding, the condyle of 
that side moves round the vertical axis of its neck, and the opposite condyle and cartilage glide 
forward and inward upon the mandibular fossa. But in the ordinary grinding movement, one 
condyle advances ana the other recedes, and then the first recedes while the other advances, 
slight rotation taking place in each joint meanwhile. 

Relations. — The chief relations are: Behind, and overlapping the lateral side, the parotid 
gland. Laterally, the superficial temporal artery. Medially, tne internal maxillary arten* 
and auriculo-temporal nerve. In front, the nerve to the masseter muscle. 

Muscles actmg on the joint. — Elevators of the mcmdible. — temporals, masseters, int. 
pterygoids. 

Depressors. — Mylo-hyoids, digastrics, genio-hyoid, muscles connecting the hyoid bone to 
lower points. Ext. pterygoids. The weight of the jaw. 

Protractors. — Ext. pterygoids, superficial layer of masseters, anterior fibres of temporals. 

Retractors. — Posterior fibres of temporals, slightly by the int. pterygoids and deep layer of 
the masseters. 

(2) THE LIGAMENTS AND JOINTS BETWEEN THE SKULL AND 
VERTEBRAL COLUMN, AND BETWEEN THE ATLAS AND 

EPISTROPHEUS 

(o) The Articulation op the Atlas with the Occiput 

Class. — Diarthrosis. Subdivision. — Doiible Condylarthrosis, 

This articulation [articulatio atlanto-occipitalis] consists of a pair of joints 
s)rmmetrically situated on either side of the middle line. The parts entering into 
their formation are the cup-shaped superior articular processes of the atlas and 
the condyles of the occipital bone. They are united by the following ligaments:— 

1. Anterior atlanto-occipital. 3. Two articular capsules. 

2. Posterior atlanto-occipital. 4. Two anterior oblique. 

The anterior atlanto-occipital ligament [membrana atlanto-occipitalis anterior] 
(fig. 259) is less than an inch (about 2 cm.) wide, and is composed of densely 
woven fibres, most of which radiate slightly lateralward as they ascend from the 
front surface and upper margin of the anterior arch of the atlas to the anterior 
border of the foramen magnum; it is continuous at the sides with the articular 
capsules, the fibres of which overlap its edges, and take an opposite direction 
medially and upward. 

The central fibres ascend vertically from the anterior tubercle of the atlas to the pharyn- 
geal tubercle on the occipital bone; they are thicker than the lateral fibres, and are continuous 
below with the superficial part of the anterior atlanto-epistrophic hgament, and through it 
with the anterior longitudinal ligament of the vertebral column. It is in relation, in front, 
with the recti capitis anteriores; and behind, with the apical dental or suspensory ligament. 

The posterior atlanto-occipital ligament (fig. 260) is broader, more mem- 
branous, and not so strong as the anterior. It extends from the posterior surface 
and upper border of the posterior arch of the atlas to the posterior margin of the 
foramen magnum from condyle to condyle; being incomplete on either side for the 
passage of the vertebral artery into, and suboccipital nerve out of, the canal. It is 
somewhat thickened in the middle line by fibres, which pass from the posterior 
tubercle of the atlas to the lower end of the occipital crest. 

It is not tightly stretched between the bones, nor does it limit their movements; it corre- 
sponds with the position of the ligamenta flava, but has no elastic tissue in its composition. 
It is in relation in front with the dura mater, which is firmly attached to it; and behind with the 
recti capitis posteriores tninoreSj and enters into the floor of the suboccipital triangle. Its 
lateral margins, which do not reach the occipital bone but terminate on the posterior end of 
the superior articular processes of the atlas, form the so-called oblique ligamints of the aUas. 
The lateral margins of these ligaments are free and they form the posterior boundaries of the 
apertures through which the vertebral arteries enter and the suboccipital nerves leave the 
vertebral canal. 

The atlanto-occipital articular capsules (figs. 259 and 260) are very distinct 
and strongly marked, except on the medial side, where they are thin and formed 
only of short membranous fibres. They are lax, and do not add much to the 
security of the joint. 
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In front, the capsule desGenda upon the atlas, to be attached, some distance below the 
articular margin, to the front surface of the lateral mass and to the base of the tranaverae proc- 
ess; these fibres take an oblique course upward and medialward, overlapping the anterior atlan to- 
occipital. At the sides and Dchind, the capsule is attached above to the margins of the occipital 
condyles; below, it skirts the medial edge of the foramen for the vertebral artery, and behind 
is attached to the prominent tubercle overhanging the groove for that vessel; these latter fibres 
are strengthened by a band running obliquely upward and medialward to the posterior margin 
of the foramen magnum. 

The anterior oblique or lateral occipito-atlantal ligament is an accessory 
band which strengthens the capsule laterally (fig. 259). It is an oblique, thick 
band of fibres, sometimes quite separate and distinct from the rest, passing 
upward and medialward from the upper surface of the transverse process beyond 
the costo-trans verse foramen to the jugular process of the occipital bone. 

The synovial membrane of these joints occasionally communicates with the 
synovial sac between the dens (odontoid process) and the transverse ligament. 



Fio. 269. — Anterior View op the Upper End 



Vertebral Column. 




The nerre-rappl; comes from the anterior division of the suboccipital n^re. 

Movements. — By the symmetrical and bilateral arrangement of these joints, security and 
strength are gained at the expense of a very small amount of actual articular surface; the basis 
of support and the area of action being equal to the width between the most distant borders 
of the joint. 

The principal movement permitted at these joints is of a ginglymoid character, producing 
flexion and extension upon a transverse axis drawn across the condyles at their slightly con- 
stricted parts. 

In flexion, the forehead and chin drop and what is called the nodding movement ismade; 
in extension, the chin is elevated and the forehead recedes. 

There is also a slight amount of gliding movement, either directly lateral, the lateral edge 
of one condyle sinking a little within the Ial«ral edge of the socket of the atlas, and that of the 
opposite condyle projecting to a corresponding degree. The head is thus tilted to one side, and 
it IS even possible that the weight of the skull may be borne almost entirely on one joint, the 
articular surfaces of the other l>eing thrown out of contact. 

Or the movement may be obliquely lateral, when the lower side of the head will be a trifle 
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in advance of the elevated side. la this motion, which takes place on the antero-poflterior uia. 
one condyle advances slightly and approaches the middle line, while the other recedes. Thia it 
of the nature of rotation, though there is no true rotation round a vertical axis possible between 
the occiput and atlas. 

Thus lateral movementa ore checked by the alar ligaments and the lateral part of the 
capsules^ extension is checked by the anterior atlaoto-occipital and anterior obUque ligamenta, 
and flexion by the posterior port of the capsule and the tectorial membrane. 

Muscles acting upon the occipito-atliuital joint. — Flexion whereby the chin is approii- 
mated toward the Bt«rnum is produced b^ the weight of the anterior part of the head and by 
all muscles which are attached to the hyoid bone or to the bones of the skull in front of a trans- 
versc axis between the two condyles. These musolea take their fixed point below either from 
the vertebral column, the sternum, or the bones of the shoulder girdle. Before those connected 
with the mandible can act that bone must be fixed by the muscles of mastication which, there- 
fore, also take part in the movements. It must be noted that the sterno-mastoid muscles «n 
powerful flexors, altboi^ a part of their insertion is behind the transwss axis between the 
two condyles. 

Elxtension is due to the action of muscles or portions of muscles inserted into the skull 
behind the transverse axis above mentioned, and connected below either with the vertebnl 
column, shoulder girdle, or sternum. 

Lateral movement is produced by the anterior and posterior Kroupa of muscles on the ssnw 
side acting simultaneously and aided by the rectus capitis lateralis of that side. 



Fig. 260. — Median Sag ttal Sfirr o 
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Anterior ■llulo-eplMropUe 



(6) The Articulations between the Atlas and Epistropheus (Axis). 

1. T„kLatei,*lAti.a»to-epis™oph.c Joint,. ( iS;^n.-A°S;r«ii.. 

2. The Central Atlanto-epistrophic Joint or f Class. — Diarthrosit. 

The Atlanto-dental. [ SubdivisiOD. — Trochoides. 

The bones that enter into the formation of the lateral joints are the inferior 
articular processes of the atlas and the superior of the epistropheus (axis); the 
central joint la formed by the dena {odontoid process) articulating in front with 
the atlas, and behind with the transverse ligament. 
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The l^aments which unite the epistropheus and atlas are: — 

1. The anterior atlanto-eptstrophic. 3. Two articular capsules (for lateral 

joints). 

2. The posterior atlanto-epistrophic. 4. The transverse ligament. 

5. The atlanto-dental articular capsule. 

The anterior atlanto-epistrophic ligament (figs. 259 and 260) is a narrow but 
strong membrane filling up the interval between the lateral joints. It is attached 
ibove to the front suriace and lower border of the anterior arch of the atlas, and 
below to the transverse ridge on the front of the body of the epistropheus. Its 
fibres are vertical, and are thickened in the median line by a dense band which is 
a continuation upward of the anterior longitudinal ligament of the vertebral 
column. 

This bond is fixed above to the anterior tubercle of the atlaa, where it beoomes continuoua 
with the centrftl part of the anterior attanto-occipital lifcament (fig. 269); it ii sometimes sepft- 
mted by an interval from the deeper ligament, and is often described as the superBcial atlanto- 
episbophio ligament. It is in relation with the Umgut colli muscle. 

The posterior atlanto-epistrophic ligament (fig. 260) is a deeper, but thinner 
and looser membrane than the anterior. It extends from the posterior root of the 
transverse process of one side to that of the other, projecting laterally beyond 
the posterior part of the capsules which are connected with it. It is attached 
above to the posterior surface and tower edge of the posterior arch of the atlas, 
and below to the superior edge of the laminx of the epistropheus on their dorsal 
aspect. 

It ia denser and stronger in the median line, and has a layer of elastic tissue on its anterior 
surface lilie the ligamenta flava, to which it correapondB in position. It ia oonoected in front 
with the dura mater; behind, it la in relation with the inferior oblique muscles, and Is perforated 
at each side by the teeond cervical nerve. 

1. The Lateral Atlanto-epistrophic Joints are provided with short, 
ligamentous fibres, forming articular capsules (fig. 259), which completely but* 
round the lateral articular facets. Lateral to the canal they are attached some 
little distance from the articular margins, extending along the roots of the 




transverse processes of the epistropheus nearly to the tips, but between the roots 
they skirt the medial edge of the costo-transverse foramina. They are strength- 
ened- in front and behind by the atlanto-epistrophic hgaments. 

Medially each capsule is thinner, and attached close to the articular margins, being strength- 
ened behind by a strong band of sliehtly oblique fibres pasainE upward along the lateral edge of 
the tectorial membrane from the body of the epistropheus to the lat^'al mass of the atlas behind 
the transverse ligament; some of these fibres pass on, thickening and blendinR with the atlanto- 
occipit&l capsule, to be inserted into the margin of the foramen magnum. This band is some- 
Umes called the accessory band (fig. 263). 

There is a synovial membrane for each joint. 

2. The Central Atlanto-epistrophic Joint, although usually described as 
one, is composed of two articulations, which are quite separate from one another : 
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an anterior between the dens and the arch of the atlas, and a posterior between 
the dens and the transverse ligament. 

The transverse ligament (figs. 260, 261, and 263) is one of the most important 
structures in the body, for on its integrity and that of the alar ligaments our 
lives largely depend. It is a thick and very strong band, as dense and closely 
woven as fibro-cartilage, about a quarter of an inch (6 mm.) deep at the sides, 
and somewhat more in the middle line. Attached at each end to a tubercle on 
the inner side of the lateral mass of the atlas, it crosses the ring of this bone in a 
curved manner, so as to have the concavity forward; thus dividmg the ring into 
a smaller anterior portion for the dens and a larger posterior part for the spinal 
cord and its membranes, and the spinal accessory nerves. 

It is flattened from before backward, beinp smooth in front, and covered by synovial mem- 
brane to allow it to glide freely over the posterior facet of the dens. Where it is attached to the 
atlas it is smooth and well rounded ofif to provide an easy floor of communication between the 
teansverso-dental and occipito-atlantal joints. 

To its posterior surface is added, in the middle line, a strong fasciculus of 
vertical fibres, passing upward from the root of the dens to the basilar border of 
the foramen magnum on its cranial aspect. Some of these fibres are derived 
from the transverse ligament. These vertical fibres give the transverse liga- 
ment a cruciform appearance; hence the name, the crucial ligament (figs. 260 
and 263) applied to the whole. 

The atlanto-dental articular capsule (fig. 261) is a tough, loose membrane, 
completely surrounding the apposed articular surfaces of the atlas and dens. 

At the dens it blends above with the front of the alar and central occipito-odontoid liga- 
ments, and arises also along the sides of the articular facet as far as the neck of the dens; the 
fibres are thick, and blend with the capsules of the lateral joint. At the atlas they are attached 
to the non-articular part of the anterior arch in front of the tubercles for the transverse lijsa- 
ment, blending, above and below the borders of the bone, with the anterior atlanto-occipital 
and atlanto-epistrophic ligaments, as well as with the medial portion of the articular capsules. 
It holds the dens to the anterior arch of the atlas after aU the other ligaments have been divided. 

The synovial membranes (figs. 260 and 261) are two in number: — one for the 
joint between the dens and atlas; and another (trans verso-dental) for that 
between the transverse ligament and the dens. This last often communicates 
with the atlanto-occipital articulations; it is closed in by membranous tissue 
between the borders of the transverse ligament and the margin of the facet on 
the dens, and is separated from the front sac by the atlanto-dental articular 
capsule. 

The arterial supply is from the vertebral artery, and the nerve-supply from the loop between 
the first and second cervical nerves. 

Movements. — The chief and characteristic movement at these joints is the rotation, in a 
nearly horizontal plane, of the collar formed by the atlas and transverse li^ment, round the 
dens as a pivot, which is extensive enough to allow of an all-round view without twisting the 
trunk. Partly on account of its ligamentous attachments, and partly on account of the shape 
of the articular surfaces, the cranium must be carried with the atlas in these movements. Tne 
rotation is checked by the ligaments passing from the dens to the occiput (alar ligaments), and 
also by the atlanto-epistrophic. Owing to the fact that the facets of both atlas and epistropneus, 
which enter into the formation of the lateral atlanto-epistrophic articulations, are convex from 
before backward, and have the articular cartilage thicker in the centre than at the circumfer- 
ence, the motion is not quite horizontal but slightly curvilinear. In the erect position, with the 
face looking directly forward, the most convex portions of the articular surfaces are alone in 
contact, there being a considerable interval between the edges; during rotation, therefore, the 
prominent portions of the condyles of the atlas descend upon those of the epistropheus, dimin- 
ishing the space between the bones, slackening the ligaments, and thus increasing the amount of 
rotation, without sacrificing the security of the joint in the central position. 

Besides rotation, forward and backward movements and some lateral flexion are permitted 
between the atlas and epistropheus, even to a greater extent than in most of the other vertebral 
joints. 

The muscles acting upon the atlanto-epistrophic joints. — The muscles capable of producing 
rotation at the atlanto-epistrophic joints are those wnich take origin from near the mesial plane 
either in front or behind and which are attached above either to the atlas or the skull, lateral 
to the atlanto-epistrophic joints. When the muscles which lie at the back of the joint on one 
side act they will turn the head to the same side and will be aided by the muscles in front on the 
opposite side. If the muscles in front and behind on the same side act simultaneously, they wUl 
pull down the head to that side and will be aide<l by muscles which pass more or leas vertically 
from the transverse process of the atlas to points below. 
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(c) The Ligaments unitinq the Occiput and Epistropheus 

The foUowiDg ligaments unite bones not in contact, and are to be Been from 
the interior of the canal after removing the posterior arches of the epistropheus 
and atlas and posterior ring of the foramen magnum : — 



1. The tectorial membrane. 

2. The crucial ligament. 



3. Two alar (or check) ligaments. 

4. The apical dental ligament. 



The tectorial membrane (occipito-cervical ligament) (figs. 261, 262, and 263) 
consists of a very strong band of fibres, connected below to the upper part of 
the body of the third vertebra and lower part of the body of the epistropheus 
as far as the root of the dens. It is narrow below, but widens out as it ascends, 
to be fastened to the basilar groove of the occiput. Laterally, it is connected 
with the accessory fibres of the atlanto-epistrophic capsule. It is really only 
the upward prolongation of the deep stratum of the posterior longitudinal 
ligament, the superficial fibres of which run on to the occipital bone without 
touching the epistropheus, thus giving rise to two strata. It is in relation in 
front with the crucial ligament. 



roBH TBX Tectorial Membrane. Viewed from behind. 




AttaotO'epinrDphic 



The crucial ligament has been already described (see p. 222). 

The alar (or check) ligaments (figs, 260 and 263) are two strong rounded 
cords, which extend from the sides of the apex of the dens, transversely lateral- 
ward to the medial edge of the anterior portion of the occipital condyles. 

Tbey are to be seen immediately above the upper border of the transverBe ligament, which 
thoy cross obliquely owin^ to its forward curve at its attachments to the atlas. Some of their 
fibres occasionally run across the middle line from one alar ligament to the other. At the deos 
th^ are connected with the atianto-dental capsule, and at the condyles they strengthen the 
atlanto-oootpital articular capsule. 

The apical dental or suspensory ligament (^s. 260 and 263) consists of a 
slender band of fibres ascending from the summit of the dens to the lower surface 
of the occipital bone, close to the foramen magnum. It is best seen from the 
front, aiter removing the anterior atlanto-occipital ligament, or from behind by 
drawing aside the crucial ligament. 
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The Apical ligament ia tightened by extension and relaxed bv flexion or nodding; the alar 
ligamsnta not onh' limit the rotatory movements of the head ana atlaa upon the epistropheus, 
but by binding the occiput to the pivot, round which rotation occurs, tney steady the head 
and prevent its undue lateral inclination upon the vertebral column. (See Tbamsvebse 

I^OAUSNT, p. 222.) 

By experiments, it has been proved that the head, when placed so that the orbits look a 
little upward, is poised upon the occipital condyles in a line drawn a little in £ront of their 
middle; the amount of elevation varies slightly in difTarent cases, but the balance ia always to 
be obtained in the human body — it is one of the characteristics of the human figure. It serves 
to maintain the head erect without undue muscular effort, or a strong ligamentum nuch* 
and prominent dorsal spines such as are seen in the lower animals. Disturb this balance, and 
let'the muscles cease to act, the head will either drop forward or backward according aa the 
centre of f^avity is in front or behind the balance line. The ligaments which pass over the dens 
to the occiout are not quite tight when the head is erect, and only become 80 when the bead ia 
flexed; if tnis were not so, no flexion would be allowed; thus, muscular action, and not liga- 
mentous tension, is employed to steady the head in the erect position. It is through the com- 
bination of the joints of the atlas and epiatroph^ua, and occiput and epistropheus (cooaisting of 
two pairs of joints placed symmetrically on either side of the median line, while through the 
median Une there passes a pivot, also with a pair of joints), that the head enjoys such freedom 
and celerity of action, remarkable strength, and almost absolute security aratinst violence, 
which could only be obtained by a ball-and socket joint; but the ordinary Dalt-and-socket 
iointa are too prone to dislocations by even moderate twists to be reliable enou^ when the 
life of the individual depends on the perfection of the articulation: hence the importanee 
oi this combination of joints. 

Fig. 263. — Coronal Section' of the VertrbriVL Coldun and the Occipital Boni 

TO SHOW LlOAUENTS. 

(The tectorial membrane (I), though shown aa a distinct stratum, is really the deeper part of 
the posterior longitudinal ligament (2). The upp^ ends have htea reflected 
upward, the lower downwarcl. Viewea from behind.) 




THE ARTICULATIONS OF THE TRUNK 

These may be divided into the following sets : — 

1. Those of the vertebral column. Joiata and ligaments connecting; 

(a) The bodies. (d) The spinous processes. 

(6) The articular processes, (e) The transverse processes. 
(c) The laminffi. 

2. Vertebral column with the pelvis. 

3. Pelvis. 

(a) Sacro-iliac (c) Intercoccygeal. 

(b) Sacro-coccygeal. (d) Symphysis pubis. 
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4. Ribs with the vertebral column. 

5. The articulations at the front of the thorax. 

(a) Costal cartilages with the sternum. 

(6) Costal cartilages with the riba. 

(c) Sternal. 

{d) Certain costal cartilages with each other. 

1. THE ARTICULATIONS OF THE VERTEBRAL COLUMN 
There are two distinct sets of articulations in the vertebral column: — 

(a) Those between the bodies and intervertebral discs which form synchon- 
droses and which are amphiarthrodial as regards movement. 
(6) Those between the articular processes which form arthrodial joints. 

The ligaments which unite the various parts may also be divided into two 
Bets, viz. — immediate, or those that bind together parts which are in contact; 
and intermediate, or those that bind together parts which are not in contact. 

Immediate. 

(a) Those between the bodies and discs. 
(6) Those between the articular processes. 

Intermediate. 

(c) Those between the laminae. 

(d) Those between the spinous processes. 

(e) Those between the transverse processes. 



Pia. 264. — HoaizoN'TAL Section throuoh an Intervertebrai. PiBHO-CARTii>AaE 




(o) The Abtioulationb or the Bodibs of the Vebtebba 
Class.— Faiae Synchondroaia. 
The ligaments which unite the bodies of the vertebrte are: — 

Intervertebral fibro-cartilages. Anterior longitudinal. 
Short lateral ligaments. Posterior longitudinal. 

The interyertebral fibro-cartilages (figs. 260 and 264) are tough, but elastic 
and compressible discs of composite structure, which serve as the chief bond of 
union between the vertebrje. They are twenty-three in number, and are inter- 
posed between the bodies of all the vertebra from the epistropheus to the sacrmn 
(figs. 260 and 271). Similar discs are found between the segments of the sacrum 
and coccyx in the younger stages of life, but they undergo ossification at their 
surfaces and often throughout their whole extent. 
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Bach diao ia oompo&ed of two portions — a ciicumferentiai lamJDEU', and a central polpf 

Eortion; the former tishtly suirounds and braces in the latter, and formH somewhat more thkn 
tlf the disc. The florouB ring [anaulua fibroaus] or laminar portion conaists of alternating; 
layers of fibrous tiasue and fibro- cartilage; the component fibres of these layers are firmly con- 
nooted with two vertebne, those of one passing obliquely down and to the right, thoae of the 
next down and to the left, making an X-ahaped arrangement of the alternate layers. A few 
of the supcn^cial lameihe project beyond the edges of the bodies, their fibres being connected 
with the edges of the anterior and lateral surfaces; and some do not completely einround tbe 
rest, but terminate at the intervertebral foramina, so that on horizontal section the circum- 
ferential portion ia aeen to be thinner posteriorly. The more central lamells are incomplete, 
less firm, and not so distinct as the rest; and as they near the pulp they gradually aMome its 
characters, becoming more fibro-cartilaginoua and lesa fibrous, and have cartilage cells in tbtir 
structure. 

The pulpy nucleus [nucleus pulposus] or central portion is situated somewhat behind tb« 
centre of the disc, forming a ball of very elastic and tightly compreased material, which bulges 
fre^ when the confining preaaure of the laminar portion is removed by either horisontal ot 
Tfnrtical section. Thua, it has a constant tendency to spring out of its confinement in the 
direction of least resistance, and constitutea a pivot round which the bodies of the TOrtebni 
can twist, tilt, or incline. It is yellowish in colour, and is composed of fine white and elartic 



Fio. 265.- 
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fibres amidst which are ordinair connective-tissue cells, and peculiar cells of various sices which 
contain one or more nuclei. Together with the most central lamias, it is s^arated from im- 
mediate contact with the bone by a thin plate of articular cartilage. The central pulp of the 
intervertebral substance is the persistent part of the notochord. 

The intervertebral substances vary in ahape with the bodies of the vertebne they unite, 
and are widest and thickest in the lumbar region. In the cervical and lumbar regions they are 
thicker in &ont than behind, and cause the convexity forward of the cervical, and ineretut that 
of the lumbar; the curve in the thoracic region, almMt entirely due to the shape of the bodies, 
is. however, somewhat increased by the discs. Without the discs the column loses a quarter 
oMts length, and assumes a curve with the concavity forward, most marked a little below the 
mid-thoracic region. Such is the curve of old age, which is due to the shrinking and drying 
up of the intervertebral substances. The disc between the epistropheus and thinl cervical is 
the thinnest of all (fig. 260); that between the fifth lumbar and sacrum is the thickest, and ia 
much thicker in front than behind (fig. 271). The intervertebral discs are in relation, in front 
with the anterior longitudinal ligament; behind, with the posterior longitudinal ligament; 
laterally, with the short lateral; and in the thoracic region, with the interarticular and radiate 
ligaments. 

In the cervical region lateral diarthrodial joints are placed one on each side of the inter- 
vertebral discs. They ore of small extent and arc confined to the intervals between the promi- 
nent lateral lips of the upper surface of the body below and the bevelled lateral edges of the Iowa 
surface of the body above. Situated in front of the issuing spinal nervee and between those 
parts of the bodies formed from the neural arches, they are homologous with the jobta betweea 
the atlas and epistropheus, and between the atlas ana occipital bone. 
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Tbe anterior longitudinal ligament (figs. 259 and 265) commences as a narrow 
band attached to the inferior surface of the occipital bone in the median line, 
juat in front of the atlanto-occipital ligament, of which it forms the thickened 
central portion. Attached firmly to the tubercle of the atlas, it passes down as 
the central portion of the atlanto-epistrophic ligament, in the mid-line, to the 
front of the body of the epistropheus. It now begins to widen out as it descends, 
until it is nearly two inches (5 cm.) wide in the lumbar region. Below, it is fixed 
to tbe upper segment of the sacrum, becoming lost in periosteum about the 
middle of that Iwne; but is again distinguishable in front of the aacro-coccygeal 
joint, as the anterior sacro-coccygeal ligament. 

Its Btrueture is bright, pearly-wbite, and glistening. Its lateral borden are separated 
f ram the lateral bands by clefts through which blood-vefi^ pass ; they are frequently indistinct 
and are best marked in the thoracic region. It ia thickest in the thoracic region, and thicker In 
the lumbar than the cervical. It is firmly connected with the bodies of the yertebne, and is 
composed of longitudinal fibres, of which the superficial extend over several, while the deeper 







The posterior longitudinal ligament (figs. 263, 266, 267, and 274) extends 
from the occipital bone to the coccyx. It is wider above than below, and com- 
mences by a broad attachment to the cranial surface of the basi-occipital. In the 
cervical r^on it is of nearly imiform width, and extends completely across the 
bodies of the vertebra, upon which it rests quite fiat. It does, however, extend 
slightly further laterally on each side opposite the intervertebral discs. In the 
thoracic and lumbar regions it is distinctly dentated, being broader over the inter- 
vertebral substances and the edges of the bones than over the middle of the 
bodies, where it is a narrow band stretched over the bones without resting on 
them, the anterior internal vertebral venous plexus being interposed. The 
narrow median portion consists of longitudinal fibres, some of which are super- 
ficial and pass over several vertebrse; and others are deeper, and extend only from 
one vertebra to the next but one below. 
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vrard over an ioterrertebral fibro-cartilage. and reach the narrow portion of the ligament on the 
centre ot the vertebra next below; they then diverge to pass over another intervertebral din 
to end on the body of the vertebra beyond, near the intervertebral notch. They thus pua 
over two discB and three vertebrx. Deeper still are other fibres thickening theee expauaiotu 
of the longitudinal Ugament, and extending from one bone to the next. 

The last well-marked expansion ia situated between the first two segments of the aacrun: 
below this, the ligament becomea a. delicate central band with rudimentary expansions, bdii| 
more pronounced again over the sacro-coccygeal joint, and losing itself in the ligamentoua 
tissue at the back of the coccvx. The dura mater is tightly attached to it at the margin of tlu 
foramen magnum and behind the bodies of the upper cervical vertebne, but is separated from 
it in the rest of its extent by loose cellular tissue wuich becomes condensed in the sacral regioB 
to form the sacro-dural ligament. The filum terminale becomes blended with it at the toirer 
part of the sacrum and back of the coccyx. 



Fia. 267. — PosTEUOB LoNorniDiNAi. Lioauent. (Lumbar regjon.) 




EipindEd Utanl portiaa 



The lateral (or short) vertebral l^jaments (fig. 265) consist of numerous short 
fibres situated between the anterior and posterior longitudinal ligaments, and 
passing from one vertebra over the intervertebral disc, to which it ia firmly 
adherent, to the next vertebra below. 

The more superficial fibres are more or less vertical, but the deeper decussate and have a 
crucial arrangement. They are connected with the deep surface of the anterior longitudinal 
Iwament, and so tie it to the edges of the bodies of the vertebra and to the interverl«bral discs. 
They blend beltind with the expansions of the posterior longitudinal ligament, and so complete 
the casing round each amphiarthrodial joint. In the thoracic region, they overiie the radiate 
Lgament, and in the lumbar thev radiate toward the transverse prooesses. In the cervical 
region they are less well marked. 

(b) The Ligaments Connecting the Articular* Procebses 
Class. — Diartkrosia. Subdivision. — Arthrodia. 
The articular capsules (fig. 259) which unite these processes are composed 
partly of yellow elastic tissue and partly of white fibrous tissue. In the cervical 
r^on only the medial side of the capsule is formed by the ligamenta flava, which 
in the thoracic and lumbar regions, however, extend anteriorly to the mai^ins 
of the intervertebral foramina. 
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eases &nd the posterior roots of the traiuverse processes of two contiguous vertebne. In the 
thoracic region the fibres are shorter, and vertictLl in direction, and are attached to the bases 
of the transverse processes; in the lumbar, they are obliquely transverse. The articular 
eapflules in the cervical region arc the most lax, those in the lumoar region are rather titter, 
and those in the thoracic region are the tightest. 

There is one synovial membrane to each capsule. 

(c) The Lioahents uniting the Lauinx 

The ligamenta flava (fig. 26S) are thick plates of closely woven yellow elastic 
tissue, interposed between the laminse of two adjacent vertebrte. The first con- 
necta the epistropheus with the third cervical, and the last the fifth lumbar with 

E Lumbar Region, seen from wrniiN the Vertebral 




the sacrum. Each ligament extends from the medial and posterior edge of the 
intervertebral foramen on one side to a corresponding point on the other; above, 
it is attached close to the inner margin of the inferior articular process and to a 
well-marked ri(^e on the inner surface of the lamime as far as the root of the 
spine; below, it is fixed close to the inner margin of the superior articular process 
and to the dorsal aspect of the upper edge of the laminte. 

Thus each ligamentum flavum, besides filling up the iaterlaminar space, enters into the 
formation of two articulaj' capsules; they do so to a greater extent in the thoracic and lumbar 
regions than in the cervical, where the articular procesBes are placed wider apart. When seen 
from the front after removing the bodies of the vertebne, they are concave from side to side, 
but convex from above downward; they make a more decided transverse curve than the arches 
between which they are placed. This concavity is more marked in the thoracic, and still more 
in the lumbar region than in the cervical; in the lumbar region the ligamenta flava extend a 
abort distance between the roots of the spinous process, blending with the interspinous ligament, 
and making a median sulcus when seen from the front; there is, however, no separation Between 
the two parts. In the cervical region, where the spines are bifid, there is a median fissure in the 
jrellow tissue which is filled up by fibro-areolar tissue. The ligaments are thickest and strongest 
in thelumbarr^on;narrowDUtstrongin the thoracic; thinner, broader, and more membranous 
in the cervical region. 

(d) The Ligaments connecting the Spinous Processes 

These include supraspinous ligament, interspinous ligaments, and the liga- 
mentum nuclue. 
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The supnupinous Ugantent (fig. 270) extends without interruption as i 
irell-markea band of lon^tudinal fibres along the tips of the spines of the vertebra 
from that of the seventh cervical downward till it ends on the median sacral ckA. 

Fig. 269.— Sidb Vibw of LiaAUENTiru Nocaa. 




Fio, 270. —The Intebspinous and Suprabpinoub Lioauektb in tbb Ldubab Region. 




Its more superficial fibres ore much longer than the deep. The deeper fibres pan ov 
a4iacenl epines only, while the superficial overlie several. It is connect«l laterally with ti 
apoa»iavtio structures of the back; indeed, in the lumbar region, where it is wdl marirad, 
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Appears to result from the interweaving of the tendinous fibres of the several muscles which are 
Attached to the tips of the spinous processes. In the dorsal region it is a round slender cord 
i^hich is put on the stretch in flexion and relaxed in extension of the back. 

The ligamentum nucluei or the posterior cervical ligament (fig. 269), is the 
continuation in the neck of the supraspinous ligament, from which, however, it 
differs considerably. It is a slender vertical septum of an elongated triangiUar 
form, extending from the seventh cervical vertebra to the external protuberance 
And the crest of the occipital bone. Its anterior border is firmly attached to the 
tips of the spines of all the cervical vertebrae, including the posterior tubercle of 
the atlas, as well as to the occiput. Its posterior border gives origin to the 
trapezii, with the tendinous fibres of which muscle it blends. Its lateral, tri- 
angular surfaces afford numerous points of attachment for the posterior muscles 
of the head and neck. 

In man it is rudimentary, and consists of elastic and white fibrous tissues. As seen in the 
horse, elephant, ox, and other pronograde mammals, it is a great and important elastic ligament, 
which even reaches along the thoracic part of the spinal column. In these animals it serves 

to support the head and neck, which otherwise from their own weight would hang down. Its 
rudimentary state in man is the direct consequence of his erect position. 

The interspinous ligaments (fig. 270) are thin membranous structures which 
extend between the spines, and are connected with the ligamenta flava in front, 
and the supraspinous ligament behind. 

The fibres pass obliquely from the root of one spine to the tip of the next: they thus decus- 
sate. They are best marked in the lumbar region, and are replaced by the well-developed 
inlerspinales muscles in the cervical region. 

(e) The Ligaments connecting the Trans\'erse Processes 
The intertransverse ligaments are but poorly developed. 

In the thoracic region they form small rounded bundles, and in the lumbar they are flat 
membranous bands, unimportant as bonds of union. They consist of fibres passing between 
the apices of the transverse processes. In the cervical region they are replaced by the inter- 
transversarii muscles. 

The arterial supplv for the column comes from twiss of the vertebral, ascending pharyn- 
geal, ascending cervical, superior and aortic intercostals, lumbar, ilio-lumbar, and latersi sacral. 

The nerve-supply comes from the spinal nerves of each region. 

Movements. — The vertebral column is so formed of a number of bones and intervertebral 
discs as to serve many purposes. It is the axis of the skeleton; upon it the skull is supported; 
and with it the cavities of the trunk and the limbs are connected. As a fixed column it is capable 
of bearing great weight, and, through the elastic intervertebral substances, of resisting and 
breaking the transmission of shocks. Moreover, it is flexible. Now, the range of movements 
of the column as a whole is very considerable; but the movements between anv two vertebrae 
are slight, so that motions of the spine may take place without any change in tne shape of the 
colunm. and without any marked disturbance in the relative positions of the vertebrse. It is 
about tne pulpy part of the intervertebral discs, which form a central elastic pivot or ball, upon 
which the miadle of the vertebrse rest, that these movements take place. 

The amount of motion is everywnere limited by the common vertebral ligaments, but it 
depends partly upon the width of the bodies of the vertebrse, and partly upon the depth of the 
discs, so that in the loins, where the bodies are large and wide, and the discs very thick, free 
motion is permitted; in the cervical reeion, though the discs are thinner, yet, as the bodies are 
smaller, almost equally free motion is allowed. As the ball-like pulpy part of the intervertebral 
disc is the centre of movement of each vertebra, it is obvious that the motion would be of a 
rolling character in any direction but for the articular processes, which serve also to give steadi- 
ness to the column and to assist in bearing the superincumbent weight. Were it not for these 
processes, the column, instead of being steady, endowed with the capacitv of movement by 
muscular agency, would be tottering, requiring muscles to steady it. The influence of the 
articular processes in limiting the mrection of inclination will appear from a study of the 
movements in the three regions of the spine. 

In the neck sll movements are permitted and are free, except between the second and third 
cervical vertebrse. where they are slight^ owing to the shallow intervertebral disc and the great 
prolongation of tne anterior lip of the inferior surface of the body of the epistropheus, which 
checks forward flexion considerably. On the whole, however, extension ana lateral inclination 
are more free and extensive in this than in any other region of the column, whilst flexion is more 
limited than in the lumbar region. Rotatory movements are also free, out take place, on ac- 
count of the position and inclination of the sirticular facets, not, as in the thoracic region, round 
a vertical axis, but round an oblique axis, the articular process of one side gliding upward and 
forwsird and that of the opposite side downward and backward. 

In the thoracic region, especially near its middle, antero-posterior flexion and extension 
are very slight; and, as the concavity of the curve here is forward, the flat and nearly vertical 
surfaces of the articular processes prevent anything like sliding in a curvilinear manner of the 
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one set of processes over the sharp upper edees of the other, which would be necessary for 
forward flexion. A fair amount oi lateral inclination would be permitted but for the impedi- 
ment offered by the ribs; while the position and direction of the articular processes allows rotar 
tion round a vertical axis which passes through the centres of the bodies of the vertebrs. Thu 
rotation is not very great, and is freer in the upper than in the lower part of the thoracic 
region. 

In the lumbar region, extension and flexion are very free, especially between the third and 
fourth and fourth and fifth vertebrae, where the lumbar curve is sharpest; lateral inclioatioD 
is also very free between these same vertebrse. It has been stated that the shape and position 
of the articular processes of the lumbar and the lower two or three dorsal are such as to prevent 
any rotation in these regions; but, owing to the fact that the inferior articular processes are not 
tightly embraced by the superior, so that the two sets of articular processes are not in contact 
on both sides of the bodies at the same time, there is always some space in which horiiontal 
motion can occur round an axis drawn through the central part of the bodies and interverte- 
bral discs, but it is very slight. Thus, the motions are most free in those regions of the colunrn 
which have a convex curve forward, due to the shape of the intervertebral discs, where there 
are no bony walls surrounding solia viscera, where the spinal canal is largest and its contents 
are less firmly attached, and where the pedicles and articular processes are more ne^ly on a 
transverse level with the posterior surface of the bodies of the vertebrse. 

Nor must the uses of the ligamenta flava be forgotten: these useful structures — (I) com- 
plete the roofing-in of the vertebral canal, and yet at the same time permit an ever-changing 
variation in the width of the interlaminar spaces in flexion and extension; (2) they also restore 
the articulating surfaces to their normal position with regard to each other after movements 
of the column; (3) and by forming the medial portion of each articular capsule, they take the 
place of muscle in preventing it from being nipped between the articular surfaces during 
movement. 

Muscles which take part in the movements of the vertebral column. — ^Flexors : When acting 
with their fellows of the opposite side. Rectus abdominis, infra-hyoid muscles (slightly) 
sterno-mastoid, external oblique, internal oblique, intercostals, scalenus anterior, psoas 
major and minor, longus colli, longus capitis (rectus capitis anterior major). 

Extensors : When acting with their fellows of the opposite side. Sacro-spinalis, quadratus 
lumborum, semispinalis, multifidus, rotatores, interspinales, serrati posteriores, the spleniua, 
and with the scapula fixed the levator scapulae and the upper fibres of the trapezius. 

Muscles which help to incline the column to their own side.— Sacro-spinalis, quadratus 
lumborum, semispinalis, multifidus, the intercostals helping to fix the ribs, the external and 
internal oblique muscles, levatores costarum, serrati posteriores, the scalenes, splenius cervicis, 
longus colli (oblique part), rotatores, intertransversales, psoas, and with the scapula fixed the 
levator scapuke and the upper and lower fibres of the trapezius. 

Muscles which rotate the column and turn the body to their own side. — Splenius cervicis. 
internal oblique (the ribs being fixed), serratus posterior inferior, and with the scapula fixM 
the lower fibres of the trapezius. 

Muscles which rotate the column and turn the body to the opposite side. — Multifidus, 
semispinalis, external oblique, the lower oblique fibres of the longus colli, and with the scapula 
and humerus fixed the latissimus dorsi and trapezius. 

2. THE SACRO-VERTEBRAL ARTICULATIONS 

(a) Class. — False Synchondrosis. 

(b) Class. — Diarthrosis. Subdivision. — Arthrodia. 

As in the intervertebral articulations, so in the union of the first portion of the 
sacrum with the last liunbar vertebra, there are two sets of joints — viz. (a) a 
synchondrosis, between the bodies and intervertebral disc; and (6) a pair of 
arthrodial joints, between the articular processes. The union is efifected by the 
following ligaments, which are common to the vertebral column: — (i) anterior, 
and (ii) posterior longitudinal; (iii) lateral or short vertebral; (iv) capsular; (v) 
ligamenta flava; (vi) supraspinous and (vii) interspinous ligaments. Two 
special accessory ligaments on either side, viz., the sacro-lumbar and the ilio- 
limibar, connect the pelvis with the fourth and fifth lumbar vertebra. 

The sacro-lumbar ligament (fig. 271) is strong, and triangular in shape. Its 
apex is above and medial, being attached to the whole of the lower border and 
front surface of the transverse process of the fifth lumbar vertebra, as well as to 
the pedicle and body. It is intimately blended with the ilio-lumbar ligameni. 
Below, it has a wide, fan-shaped attachment, extending from the edge of the ilio- 
lumbar ligament forward to the brim of the true pelvis; blending with the perios- 
teum on the base of the sacrum and in the iliac fossa, and with the superior sacro- 
iliac ligament. 

By its sharp medial border it limits laterally the foramen for the last lumbar nerve. It is 

gierced by two large foramina, which transmit arteries to the sacro-iliac S3mchondro8i8. This 
gament is in series with the intertransverse ligaments of the spinal column. It is sometimes 
described as a part of the ilio-lumbar ligament. 
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The ilio-lumbar ligament (fig. 271) is a strong, dense, triangular ligament 
connecting the fourth and fifth lumbar vertebrEe with the iliac creet. 

It springB from the front surface of the traneverse process of the fifth lumbar vertebra as 
far as the body, by a etrong fasciculua from the posterior surface of the process near the tip, 
and also from ttie front surface and lower edge of the transverse process and pedicle of the f ourUt 
lumbar v^lebra, as far medialward as the body. Between these two lumbar vertebrte it is 
inaeparable from the intertransverse ligament. 

At itfl origm from the transverse process of the fifth lumbar vertebra it is closely intei^ 
woven with the sacro-lumbar ligament, and some of its fibres spread downward on to the body 
of the fifth vertebra, while others ascend to the disc above. At the pelvis it is attached to the 
inner lip of the crest of the ilium for about two inches (5 cm.], The highest fibres at the column 
form the upper edge of the ligament at the pelvis, those which come from the posterior portion 
at ihe transverse process of the fifth lumbar vertebra forming the lower, while the fibres from 
thefront of Ibesame process pass nearly horizontally lateralward. Near the column tbesurfaces 
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look directly backward and forward, but at the ihum the ligament gets somewhat twisted, bo 
that the posterior surface looks a little upward, and the anterior looks a little downward. 
The antenor surface forms part of the posterior boundary of the major (false) pelvis, and over- 
Ues the upper part of the posterior sacro-ihac ligament; the posterior surface forms part of the 
floor of the spinal groove, and gives origin to the multifidus muscle. Of the borders, the upper 
is oblique, has the anterior lamella of the lumbar fascia attached to it, and gives origin to the 
quadratiit lumborum; the lower is horiiontal, and is adjacent to the upper edge of the sacro- 
lumbar ligament; while the medial is crescentic, and forms the lateral boundary of a foramen 
through wnich the fourth lumbar nerve passes. 

The arterial supply is very free, and comes from the last lumbal, ilio-lumbar, and lateral 
sacral. 

The nerve-supply is from the sympathetic, as well as from tn-igs from the fourth and fifth 
lumbar nerves. 

Hovements. — The angle formed by the sacrum with the spinal column is called the sacro- 
vertebral angle. The pelvic inclination does not depend entirely upon this angle, but in great 
part upon the obliquity of the coxal (innominate) bones to the sacrum, so that in males in whom 
the avera^ pelvic obliquity is a Uttle greater, the average sacro-vertebraJ angle is considerably 
less than in females. 

The sacro-vertebral angle in the male shows that there is a greater and more sudden change 
in direction at the sacro-vertebral union than in the female. A part of this change in direction 
Is due to the greater thickness in the anterior part of the intervertebral fibro-cartilage between 
the last lumbar vertebra and the sacrum. Oinng to the greater thickness of the intervertebral 
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disc here than elsewhere, the movements permitted at this joint are very free, being freer than 
those between any two lumbar vertebrse. As the diameter of the two contiguous bones is Imb 
in the sagittal than in the frontal plane, the forward and backward motions are much freer thso 
those from side to side. The backward and forward motions take place every time the sitting 
is exchanged for the standing i>osition, and the standing for the sitting posture; in rising^ the 
back is extended on the sacrum at the sacro-lumbar union; in sitting down it is flexed. 

The articular processes provide for the gliding movement incidental to the extension, 
flexion, and lateral movements; they bAbo allow some horizontal movement, necessary for the 
rotation of the vertebral column on the pelvis, or pelves on the column. The inferior articulir 
processes of the flfth differ considerably from the inferior processes in the rest of the lumbar 
vertebra, and in direction they resemble somewhat those of the cervical vertebrse; whUe the su- 
perior articular processes of the sacrum differ in a similar degree from the superior processes of 
the lumbar vertebrse. This difference allows for the freer rotation which occurs at this joint. 

The sacro-vertebral angle averages 117*' in the male, and 130® in the female; while the 
pelvic inclination averages IBS'* in the male, and 150® in the female. 

As already stated, the movements at the sacro-vertebral joint are the same as those in other 
parts of the spinal column, but more extensive, and the muscles which produce the movements 
are those mentioned in the preceding groups which cross the plane of the articulation. 

3. THE ARTICULATIONS OF THE PELVIS 

This group may again be subdivided into — 

(a) The sacro-iliac. 

(b) The sacro-coccygeal. 

(c) The intercoccygeal. 

(d) The symphysis pubis. 

(a) The Sacro-iliac Articulation and Sacro-sciatic Ligaments 

Class. — Diarthrosis. Subdivision. — Arthrodia. 

It is now generally admitted that the sacro-iliac joint is a diarthrosis, the 
articular surface of each bone being covered with a layer of cartilage, whilst the 
cavity of the joint is a narrow cleft and the capsule is extremely thick posteriorly. 
The cartilage on the sacrum is much thicker than that on the ilimn and the 
cartilages are sometimes bound together here and there by fibrous strands. 
The different character of the joint in the two sexes should be noted. Briefly, 
the female joint has strong ligamentous bonds with but little bony apposition, 
while the male joint gains its strength by virtue of extensive areas of bony 
contact and a slighter development of ligaments. This difference is, of course, 
a physiological one; for some laxity of the joint is demanded during pregnancy 
and labour. The bones which enter into the joint are the sacrum and ilimn, 
and they are bound together by the following ligaments: — 

Anterior sacro-iliac. Superior sacro-iliac. 

Posterior sacro-iliac. Inferioi* sacro-iliac. 

Interosseous. 

The anterior sacro-iliac ligament (figs. 271 and 272) consists of well-marked 
glistening fibres which pass above into the superior, and below into the inferior, 
ligaments. It extends from the first three bones of the sacnmi to the ilimn 
between the brim of the pelvis minor and the great sciatic notch, blending with the 
periosteum of the sacrum and ilium as it passes away from the united edges of 
the bones. 

The superior sacro-iliac ligament (figs. 271 and 272) extends across the 
upper margins of the joint, from the ala of the sacrum to the iliac fossa, being 
well marked along the brim of the pelvis, where it is thickened by some closely 
packed fibres. Behind, it is far stronger, especially beneath the transverse process 
of the fifth lumbar vertebra. This ligament is connected with the strong sacro- 
lumbar ligament, which spreads lateralward and forward over the joint to reach 
the iliac fossa and terminal line. By some authors it is described as a part of the 
ilio-lumbar ligament. 

The posterior sacro-iliac ligament is extremely strong and consists essentially 
of two sets of fibres, deep and superficial. The deep fibres (short posterior sacro- 
iliac ligament) pass downward and medialward from the rough area of the 
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ilium behind the suricular surface to the back of the lateral mass of the sacrum, 
both lateral to and between the upper foramina and to the upper sacral articular 
process, and the area between it and the first sacral foramen. The deepest fibres 
of this group constitute the so-called interosseous ligament. The more Buperficial 
fibres (long posterior sacro-iliac ligament) are oblique or vertical, and pass from 
the posterior superior iliac spine to the second, third, and fourth tubercles on 
the back of the sacrum, a more or less well-defined band which goes to the third 
and fourth sacral tubercles being called sometimes the oblique sacro-iliac band 
and sometimes the long straight band. 

The inferior sacro-iliac ligament (fig. 272) is covered behind by the upper 
end of the sacro-tuberous ligament; it consists of strong fibres extending from 
the lateral border of the sacrum below the articular facet to the posterior iliac 
spines; some of the fibres are attached to the deep suHace of the ilium and jom 
the interosseous ligament. 



Fig. 272. — Median Saoittal Section of the Peltib, Sbowinq Lioambntb. 




The interosseous ligament 'n the strongest of all, and consists of fibres of 
different lengths passing in various directions between the two bones. Imme- 
diately above the interspinous notch of the ilium the fibres of this ligament are 
very stroug, and form an open network, in the interstices of which is a quantity 
of fat in which the articular vessels ramify. 

The ear-shaped cartilaginous plate, which unites the bones firmly, is accu- 
rately applied to the auricular surfaces of the sacrum and ilium. It is about 
one-twelfth of an inch (2 mm.) thick in the centre, but becomes thinner toward 
the edges. Though closely adherent to the bones, it tears away from one entirely, 
or from both partially, on the application of violence, sometimes breaking irregu- 
larly so that the greater portion remains connected with one bone, leaving the 
other bone rough and bare. It is usually one mass, and is only occasionally 
formed of two plates with a synovial cavity between them. 

Because of the occEtsional presence of a more or leas extensive synovial cavity within the 
fibro-cartilage, and also of a synovial lining to the ligaments passing in front and behind the 
articulation, the term 'diarthro-amphiarChrosia' has been raven to this joint, and also to the 
symphysis pubis. Testut mentions certain folds of synovl^ membrane filling up gaps which 
here and there occur at the margin of the fibro-cartilage but they are not usuuly seen. 

The sacro-tuberous (great sciatic) ligament (figs. 271, 272, and 273) is at- 
tached above to the posterior extremity of the crest of the ilium and the lateral 
aspect of the posterior iliac spines. From this attachment some of its fibres 
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pass downward and backward to be attached to the lateral borders and posterior 
surfaces of the lower three sacral vertebrsB and upper two segments of the coccyi; 
while others, after passing for a certain distance backward, curve forward and 
downward to the ischium, forming the anterior free margin of the ligament 
where it limits posteriorly the sciatic foramina. These fibres are joined by others 
which arise from the posterior surfaces of the lower three sacral vertebre and 
upper pieces of the coccyx. At the ischium it is fixed to the medial border of the 
tuberosity, and sends a thin sharp process upward along the ramus of the 
ischium which is called the falciform process (fig. 273), and is a prolongation of 
the posterior edge of the ligament. 

A great many fibres pass on directly into the tendon of the biceps muscle, so that trMtioD 
on this muscle braces up the whole ligament and the coccyx is thus made to move on the sacrum. 
The ligament may not unfairly be aescnhied as a tendinous expansion of the muscle, whereby 
its action is extended and a more advantageous leverage eiven It is broad and flat ftt its 
attached ends, but narrower and thicker in the centre loakiag hke two triangular expuudoos 



Fig. 273. — Sacro-tuberous and ''acro-spi nous Ligaments (Posterior view.) 
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joined by a flat band, the larger IriaDgle being at the ilium, and the smaller at the ischiuiD 
The fibres of the ligament are twisted upon its axis at the narrow part, so that some of the 
superior fibres pass to the lower border. 

The posterior suriace gives origin to the gluteug nutximut muscle, and on it ramify the loop; 
from the posterior branches of the sacral nerves; its anterior surface is closely connected at its 
origin ,with the sacro-spinous ligament, and some fibres of the piriformis muscle arise from Ita 
below the obtarator inlemus passes out of the pelvis under its cover, and the internal ■pttdic 
vessels and nerve pass in. At the ilium, it« posterior edge is continuous with the vertebra, 
aponeurosis; while to the anterior edge is attached the tliicK fascia covering the gluteus metUusl 
The obturator fascia is attached to its falciform edge. It is pierced by the coccygeal branehet tgf 
the inferior gluleal (sciaiic) artery and the inferior cluniai {■perforalinfi culanarus) nerve from the 
second and third sacral. 

The socro-spinous (small sciatic) ligament (figs. 271, 272, and 273) is tri- 
angular and thin, springing by a broad base from the lateral border of the sacrum 
and coccyx, from the front of the sacrum both above and below the level of the 
fourth sacral foramen, and from the coccyx nearly as far as its tip. By its apex 
it b attached to the front surface and the borders of the ischial spine aa far out- 
ward as its base. Its fibres decussate so that the lower ones at the coccyx be- 
come the highest at the ischial spine; muscular fibres are often seen intermingled 
with the ligamentous. 
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Ita fraat surface gives attachment to the eoceygeita muscle, which overlies it. Behind, it is 
oonnectcd with, and hidden by, the sacro-tuberouB ligament, so that only the lateral inch or 
loss (2 cm.) aod a small port ot ita attachment to the coccyx can be seen; the internal pudie 
nerve also passes over the poBterior surface. 

The arterial anpply of the eacro-iliac joint comes from the superior gluteal, ilio-lumbar, and 
lateral sacral. 

The nerve-supply is from the superior gluteal, aacrai plexus, and external twigs of the 
posterior divisions of^the first and second sacral nerves. 

Movements. — Recent investiKationfl have shown that in spite o/ the interiocking of the 
articular surfaces and the strong ligaments connecting the bonea together a slight amount of 
foovetnent, both a gliding and rotatory, does occur at the socro-iliac joint. The ghding move- 
ment is both up and down, and forward and backward, and the latter is associated with a slight 
rotation round a transverse axis which passes through the upper tubercles on the back of the 
aacrum. The movement is but small in extent, nevertheless as the base of the sr 
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downward and forward theconjugate(antero-po8terior) diameter of the pelvic inlet is diminished 
and at the same time, as the coccyx moves up and back, the conjugate diameter of the outlet 
is increased. This rotatory movement is limited principally Dy the sacro-eciatio (sacio- 
tuberouB and sacro-spinous) ligaments which prevent any extensive upward and backward 
movement of the coccyx and lower part of the sacrum. 

Downward displacement of the sacrum when the body is in the sitting posture is prevented 
not only by the surrounding ligaments, but also by the wedge-like character of the sacrum, 
which is broader above than below. Downward and forward displacement of the sacrum in 
the erect posture is prevented by the ligaments and more particularly by the posterior sacro- 
iliac bands, while backward disploceraent would be hindered by the breadth of the anterior as 
contrasted with the posterior part of the sacrum as well as by the anterior ligaments. 

Kelations. — The sacro-iliac joint is in relation at>ove with psoas and iliocus. In front it 
is in relation at its upper part with the hypogastric vessels and obturator nerve, and at its 
lower port with the piriformis muscle. 

(b) The Sacho-coccyqeal Articulation 

Class.— False Synchondrosis. 

The last piece of the sacrum and first piece of the coccyx enter into this union 

[symphysis sacrococcygea] and are bound together by the following ligameots: — 

Anterior sacro-coccygeal. Deep posterior eacro-coccygeal. 

Superficial posterior sacro-coccygeal. Lateral sacro-coccygeal. 

Intervertebral substance. 
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The intervertebral fibro-cartilage is a small oval disc, three-quarters of an 
inch (about 2 cm.) wide, and a little less from before backward, closely con- 
nected with the surrounding ligaments. It resembles the other discs in struc- 
ture, but is softer and more jelly-like, though the laminse of the fibrous portion 
are well marked. 

The anterior sacro-coccygeal ligament is a prolongation of the glistening 
fibrous structure on the front of the sacnmi. It is really the lower extremity of 
the anterior longitudinal ligament, which is thicker over this joint than over 
the central part of either of the bones. 

The posterior sacro-coccygeal ligament (fig. 274) is divided into two layers 
of which one (the deep) is a direct continuation of the posterior longitudinal 
ligament of the column, consisting of a narrow band of closely packed fibres, 
which become blended at the lower border of the first segment of the coccyx 
with the filum terminale and deep posterior ligament. 

The superficial layer of the posterior sacro-coccygeal ligament (or supra- 
comual ligament), (fig. 274) is the prolongation of the supraspinous which be- 
comes inseparably blended with the aponeiu*osis of the sacro-apinalis (erector 
spincB) opposite the laminse of the third sacral vertebra, and is thus prolonged 
downward upon the back of the coccyx, passing over arid roofing in the lower 
end of the spinal canal where the laminse are deficient. 

The median fibres (the supraspinous Ugament) extend over the back of the coccyx to its 
tip, blendinswith the deep fibres of the posterior sacro-coccygeal ligament and filum terminale; 
the deeper nbres rim across from the stunted laminse on one side to the next below on the oppo- 
site side, and from the sacral oornua on one side to the coccygeal on the opposite, some passmg 
between the two comua of the same side, and bridging the aperture through which tne fifth 
sacral nerve passes. Its posterior surface gives origin to the glutetis maximtts muscle. 

The lateral sacro-coccygeal or intertransverse ligament (fig. 274) is merely a quantity of 
fibrous tissue which passes from the transverse process of the cocc3rx to the lateral edge of the 
sacrum below its angle. It is connected with the sacrosciatic ligaments at their attachments, 
and the fifth sacral nerve escapes behind it. It is perforated by twigs from the lateral sacral 
arterv and the coccygeal nerve. 

The arterial supply of the sacro-coccygeal joint is from th^e lateral sacral and middle sacral 
arteries. 

The nerves come from the fourth and fifth sacral and coccygeal nerves. 

The movements permitted at this joint are of a simple forward and backward, or hinge- 
like character. In the act of defecation, the bone is pushed back by the faecal mass, and, in 
parturition, by the feet us; but this backward movement is controlled by the upward and forward 
pull of the levator ani and ooccygeus. The external sphincter also tends to pull the coccyx 
forward. 

(c) Intercoccygeal Joints 

The several segments of the coccyx are held together by the anterior and 
posterior longitudinal ligaments, which completely cover the bony nodules on 
their anterior and posterior aspects. Laterally, the sacro-sciatic ligaments, 
being attached to nearly the whole length of the coccyx, serve to connect them. 
Between the first and second pieces of the coccyx there is a very perfect amphiar- 
throdial joint, with a well-marked intervertebral substance. 

Movements. — But little movement occurs as a rule at the sacro-coccygeal and inter- 
coccygeal joints, but when the head of the child is passing through the pelvic outlet at birth, 
the tip of the coccyx is displaced backward, it may be to the extent of one inch. 

(d) The Symphysis Pubis 

Class. — False Synchondrosis. 

The bones entering into this joint are the pubic portions of the hip-bones. 
This joint is shorter and broader in the female than in the male. The ligaments^ 
which completely surround the articulation, are : — 

Superior. Anterior. 

Arcuate. Posterior. 

Interpubic cartilage. 

The superior ligament (figs. 275 and 276) is a well-marked stratiun of yellowish 
fibres which extends lateral ward along the crest of the pubis on each side, blending 
in the middle line with the interosseous cartilage. 
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The posterior ligament (fig. 277) is slight, and, excepting above and below, 
consists of little more than thickened periosteum. 

Near the upper p&rt is a bftnd of strong fibree, reaching the whole width of the pubic bones, 
and continuous with the thickened poiosteal fibres along the terminal line. Below, m&ny of the 
upper and superficial fibres of the arcuate ligament ascend over the back of the joint, and 
interlace bctobs the median line with fibres from the opposite side nearly as high as tne middle 
of the symphysis. 



Fio. 276. — Antbriob View or the Symphtbib Pubis <M. 
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The anterior ligament (figs. 275 and 276) is thick and strong, and is closely 
connected with the fascial covering of the muscles arising from the body of the 
pubis. It consists of several strata of thick, decussating fibres of different de- 
grees of obliquity, the superficial being the most obhque, and exteniUng lowest 
over the joint. 

The most superficial descending fibres extend from the upper border of the pubis, cross 
others from the opposite side about the middle of the symphysis, and are attached to the ramus 
of the opposite bone. The most superficial ascending fibres come from the arcuate ligament, 

Flo. 276. — Anterior View or the Stmprtsis Pubis (Feuale), bhowino obiatbr Width 
BETWEEN THB Bones. 
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arch upward, and decussate with other fibres across the middle Une, and are lost on the oppo- 
site side beneath the descending set. There is another deeper set of descending fibres wluch 
arise below the angle, but do not descend so far as the superficial; and a deeper set of ascending, 
which decussate, and reach higher than the superficial set, and are connected with the arcuate 
ligament. Some few transverse fibres pass from side to side, especially above and below the 
points of decussation. 

The arcuate (inferior or subpubic) Ugament (figs. 275, 276, and 277) is a 
thick, arch-like band of closely packed fibres which fills up the angle between the 
pubic rami, and forms a smooth, rounded summit to the pubic arch. On section, 
it is yellowish in colour and three-eighths of an Inch (1 cm.) thick in the middle 
line; it is inseparably connected with the interpubic cartilage. 



240 THE ARTICULATIONS 

Both on the front and back aspects of the joint it gives off decuasating fibres, which, by thur 
interlacemeat over the anterior and posterior ligaments of the symphjrsis, add very nutttti- 
ally to its securitv. In fact, the liBameot may be said to split superiorly into two layers, out 
passing over the front, and the other over the back, of the articulation. 

' The interpubic fibro-cartUage varies in thickness in different subjects, but 
is thicker in the female than in tbe male. It is thicker in front than behind, 
and projects beyond the edges of the bones, especiaJIy posteriorly (see fig, 277), 
blending intimately with the ligaments at its margins. It is sometimes uninter- 
ruptedly woven throughout, but at others has an elongated narrow fissure, 
partially dividing the cartilage into two plates, with a little fluid in the interspace 




(fig. 278). This is situated toward the upper and posterior aspecte, but does 
not usually reach either; it generally extends about half the length of tbe 
cartilage. 

When this cavity is large, especially if it reaches or approaches very near to the oireumfer- 
enoe of the ctutilaKe (which, however, it very rarely does), it is thou^t by some anatomists 
that it more nearly reaembies a diarthrodiat than an amphiarthrodial joint, and it is then classed 
with the sacro-iliac joint under similar conditions, aa 'diarthroamphiarthroBis.' The intertM- 
seous cartilage is intmiately adherent to the layer of hyaline cartilage which coven the medial 
surface of each pubic bone; the osseous surface is ridged to give a mrmer attachment; and, on 
forcing the bones apart, it does not frequently split into two plates, but is torn from the bone 
on one side or the other. 



Fio. 278, — Section of Stmphtsis to 




Stnoviai. Cavitt. 



The arterial supply of the interpubic joint is from twigs of the internal pudio, pubio branchaa 
of the obturator and epigastric, and ascending branches of the internal circumlJex and Bupa>> 
ficial external pudic. 

The nerve-supply has not been satisfactorily made out, but it probably comea, in part, 
from the internal pudic and in part from the ilio-hypogaetric and ilio-inguinaL 

The movements amount only to a slight yielding of the cartilage; neither muscular tare9 
nor extrinsic forces produce any appreciable movement in the ordinary condition. Occaoioa* 
ally, as the result of child-bearmg, the joint becomes unnaturally loose, and then walking and 
standing are painfully unsteady. It is known that, during pregnancy and parturition, the 
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„ e tightly together. 

ReUtioiu. — The interpubic joint ia in relation above with the linea alba- Behind with 
cue prostate and the anterior border of the bladder. In front with the susiMnBory ligament 
of the penii or olitoris and below with the dorsal vein of the penia or clitoris and the upper 
border of the urogenital trigone (triangular li^ment), 

4. THE COSTO-VERTEBRAL ARTICULATIONS 
These consist of two seta, viz, : — 

(fl) The capitular (costo-central) : i. e., the articulation of the head of the rib 
with the vertebrffi. 

(b) The costo-transverse, or the articulation of the tubercle (of each of the 
first ten ribs) with the transverse process of the lower of the two vertebrEs, with 
which the head of the rib articulates: i.e., the one bearing its own number, as 
the first rib with the first thoracic vertebra, the second rib with the second thoracic 
vertebra, and so on. 



Fia. 279. — ^Thb Capsclar Lioaubnts or the Costo-vebtebeal Joints. 




tinmaat of flrat 
MpltalW J«(at 



(a) The Capitular (Costo-cbnthal) Articulation 

Class. — Diarthroais. Subdivision, — Condylarthroaia. 

It is a very perfect joint, into the formation of which the head of the rib and 

two vertebrffi, with the intervertebral disc between them, enter. In the case of 

the first, tenth, eleventh, and twelfth ribs, it is formed by the head of the rib 

articulatii^ with a single vertebra. 

The ligaments are : — 

Articular capsule. Interarticular. 

Radiate. 

The articular capsule (fig. 279) consists of short, strong, woolly fibres, com- 
pletely surrounding the joint, which are attached to the bones and intervertebral 
substances, a little beyond their articular margins. 

At its upper part it reaches through the intervertebral foramen toward the back of the 
bodies of the vertebne, bein^ strengthened here by Sbres which at intervals connect the anterior 
with the posterior longitudmal ligamenta. The lower fibres extend downward nearly to the 
demi-faoet (coatal pit) of the rib below; behind, it is continuous with the neck ligament, and 
in front is overlaid by the radiate. 

The interarticular ligament (fig. 280) consists of short, strong fibres, closely 
interwoven with the outermost ring of the intervertebral disc, and attached to 
the transverse ridge separating the articular facets on the head of the rib. It 
completely divides the articulations into two parts, but does not brace the rib 
tightly to the spine, being loose enough to allow a moderate amount of rotation 
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on its own axis. There ie no interarticular ligament in the costo-vertebral jolDte 
of the first, tenth, eleventh, and twelfth ribs. 

The radiate (or stellate) ligament, a thickening of the anterior part of the 
oapeule (figs. 280 and 281), is the most striking of all, and con^ts of bright, 
pearly-white fibres attached to the anterior surface, and upper and lower botdere 
of the neck of the rib, a little way beyond the articular facet; from this they 
radiate upward, forward, and downward, so as to form a continuous layer of 
distinct and sharply defined fibres. 

The middle fibres run straight forward to be attached to the iDtervert«bral due; the iipper 
ascend to the lower half of the lateral surface of the vertebra above, and the lower desceiia to 
the upper half of the vertebra below. The radiate ligament is overlapped on the veri«bnl 
bodies Dy the lateral (short) vertebral lioamenls. 

' In the case of the first, tenth, eleventh, and twelfth riba, each of which articulatee with dm 
vertebra, the ligament is not quite so distinctly radiate, but even in these the ascending Gbret 
reach the verteNa above that with which the rib articulates. 




The synovial membranes (fig. 281) consist of two closed sacs which do not 
communicate: one above, and the other below, the interarticular ligament. In 
the case of the first, tenth, eleventh, and twelfth articulations, there is but one 
synovial membrane, as these joints have no interarticular ligament. 

The arterial supply is from the intercostal arteries, the tw^ piercing the radiate and 
oapBular ligaments. 

The nerve-supply comes from the anterior primary branches of the intercostal nerves. 

These joints approach most nearly in their movements to the condylarthroees. 

The movements are ^glymoid in character, consisting of a slight degree of elevation and 
depression around an obuquely horizontal axis corresponding with the interarticular ligament; 
there is alsoasl^ht amount of forward and backward gliding; and a slight degree of screwing <^ 
rotatoy movement ie also possible. There is a considerable difference in the de^ve of m^ilitv of 
the different ribs, for while the first rib is almost immobile except in a very deep inapiratum, 
the mobility of the others increases from the second to the last; the two floating ribs being the 
moat mobile of all. The head of the rib is the most fijted point of the cocrtal arch, and upon 
it the whole arch rotates; the interarticular ligament allows only a very limited amount of 
flexion and extension (i. e,, elevation and depression), and of gliding. Gliding is checked by 
the radiate ligament. 

In inspiration, the rib is elevated, and glides forward in its socket, too great elevati«Ni 
being checked not only by the ligaments, but also by the overhanging upper edge of the cavity 
itaea. In expiration, the rib is depressed, and glides backward in its cavity. 
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(6) The Costo-tranbvbrsb Articulation 
Class. — Diarlhrosis. SubdiTision. — Arthrodia. 

Thb joint is formed by the tubercle of the rib articulating with the anterior 
part of the tip of the transverse process. The eleventh and twelfth ribs are 
devoid of these joints, for the tubercles of these ribs are absent, and the transvn^e 
processes of the eleventh and twelfth thoracic vertebrs are rudimentary. 

The ligaments of the union are: — 

Articular capsule. Tubercular ligament. 

Neck ligament. Costo-transverse ligaments. 

The articular capsule (figs. 279 and 281) forms a thin, loose, fibrous envelope to 
the synovial membrane. Its fibres are attached to the bones just beyond the 
articular margins, and are thickest below, where they are not strengthened by 
any other structure. It i s connected medially with the neck hgament, above 
with the costo-trans verse, and laterally with the tubercular (posterior costo- 
transverse) ligaments. The eleventti and twelfth ribs are unprovided with costo- 
transverse capsules. 



Fig. 281. — Hoeuontal Section through thk Intbhvektxbhal Due and Ribb. 




The neck ligament [lig. colli costx] (middle costo-transverse, or interosseous 
ligament) (fig. 281), consists of short fibres passing between the back of the neck 
of the rib and front of the transverse process, with which the tubercle articulates. 
It extends from the capsule of the capitular joint to that of the costo-transverse. 
It is best seen on horizontal section through the bones. In the eleventh and 
twelfth ribs this ligament is rudimentary. 

The tubercular ligament (posterior costo-transverse) (fig. 281) is a short but 
thick, strong, and broad ligament, which extends laterally and upward from the 
extremity of the transverse process to the non-articular surface of the tubercle 
of the corresponding rib. The eleventh and twelfth ribs have no posterior 
ligament. 

The (superior) costo-transverse ligament (fig. 280) is a strong, broad band of 
fibres which ascends laterally from the crest on the upper border of the neck 
of the rib, to the lower border of the transverse process above. A few scattered 
posterior fibres pass upward and medially from the neck to the transverse process. 
The costo-transverse ligament is subdivided into a stronger anterior portion 
(anterior costo-transverse ligament) best seen from the front (fig. 280), and a 
weaker posterior portion (posterior costo-transverse ligament). Its medial 
border bounds the foramen through which the posterior branches of the inter- 
costal vessels and nerves pass. To the lateral border is attached the thin aponeu- 
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rosis covering the external irUercostals. Its anterior surface is in relation with the 
intercostal vessels and nerve; the posterior with the longissimiis dor si. The 
first rib has no (superior) costo-transverse ligament. 

The synovial membrane (fig. 281) is a single sac. 

The arterial and nerve suppUes come from the posterior branches of the intercostal arteries 
and nerves. 

The movements which take place at these joints are limited to a gliding of the tubercle of 
the rib upon the transverse process. The exact position of the facet on the transverse process 
varies slightly from above downward, being placed higher on the processes of the lower vertebra. 
The plane of movement in most of the costo-transverse joints is inclined upward and backward 
in inspiration, and downward and forward in expiration. The point round which these move- 
ments occur is the head of the rib, so that the tubercle of the rib glides upon the transverse 
process in the circumference of a circle, the centre of which is at the capitular joint. 

6. THE ARTICULATIONS AT THE FRONT OF THE THORAX 

These may be divided into four sets, viz. : — 

(a) The interstemal joints, or the union of the several parts of the sternum 
with one another. 

(6) The costo-chondral joints, or the union of the ribs with their costal 
cartilages. 

(c) The chondro-stemal joints, or the junction of the costal cartilages with 
the sterniun. 

(d) The interchondral joints, or the union of five costal cartilages (sixth, 
seventh, eighth, ninth, and tenth) with one another. 

(a) The Intersternal Joints 

The sternum being composed, in the adult, of three distinct pieces — ^the 
manubrium, body, and the xiphoid process — has two articulations, viz., the 
superior, which unites the manubrium with the body (gladiolus), and the inferior, 
which unites the body with the xiphoid. 

1. The Superior Intersternal Articulation 

Class. — False Synchondrosis. 

The lower border of the manubrium and the upper border of the body of the 
sternum present oval-shaped, flat surfaces, with their long axes transverse, and 
covered with a thin layer of hyaline cartilage. An interosseous fibro-cartilage 
is interposed between the bony surfaces: it corresponds exactly in shape and 
intimately adheres to them. At each lateral border this fibro-cartilage enters 
into the formation of the second chondro-sternal articulation (fig. 282). 

In consistence it varies, being in some cases uniform thrqughout, in others softer in the 
centre than at the circumference, and in others again an oval-shaped synovial cavity is found 
toward its anterior part. When such a cavity exists in the fibro-cartilage this joint has a 
remote resemblance to the diarthroses, and is classed, with the sacro-iliac joint and the symphy- 
sis pubis imder similar conditions, as 'diarthro-amphiarthrosis.' 

The periosteum passes uninterruptedly over the joint from one segment of the sternum to 
the other, forming a kind of capsular ligament [membrana sterni]. This capsule is strength- 
ened, especially on its pos erior aspect, by longitudinal ligamentous fibres as well as by the 
radiating and decussating fibres of the chondro-sternal ligaments. 

In some instances the fibro-cartilage is replaced by short bundles of fibrous tissue which 
unite the cartilage-coated articular bony surfaces. 

2. The Inferior Intersternal Articulation 

Class. — False Synchondrosis, 

The gladiolus is joined to the xiphoid cartilage by a thick investing mem- 
brane, by anterior and posterior longitudinal fibres, and by radiating fibres of the 
sixth and seventh chondro-sternal ligaments. The costo-ziphoid ligament also 
coimects the xiphoid with the anterior surface of the sixth and seventh costal 
cartilages, and thus indirectly with the gladiolus; and some fine fibro-areolar 
tissue also connects the xiphoid with the back of the seventh costal cartilage. 
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The junction of the xiphoid with the sternum is on a level somewhat posterior to the junc- 
tion of the seventh costal cartilage with the sternum. The union is a synchondrosis, each bone 
being covered by hyaline cartilage which is connected with the intervening fibro-cartilage plate. 

(6) The Costo-chondral Joints 

Class. — Synarthrosis. 

The extremity of the costal cartilage is received into a cup-shaped depression 
at the end of the rib, which is somewhat larger than the cartilage. The two are 
joined together by the continuity of the investing membranes, the periosteum of 
the rib being continuous with the perichondrimn of the cartilage. 

(c) The Sterno-costal Articulations 

Class. — Diarthrosis. Subdivision — Ginglymus. 

These articulations are between the lateral borders of the sternum and the 
ends of the costal cartilages. The union of the first rib with the sternum is 
synchondrodialf and therefore forms an exception to the others. From the second 
to the seventh inclusive, the articulations have the following ligaments, which 
together form a complete capsule: — 

Radiate (anterior) stemo-costal. Superior sterno-costal. 

Posterior sterno-costal. Inferior stemo-costal. 

The radiate (anterior) stemo-costal ligament (fig. 282) is a triangular band 
composed of strong fibres which cover the medial half-inch of the front of the 
costal cartilage, and radiate upward and downward upon the front of the sternum. 
Some of the fibres decussate across the middle line with fibres of the opposite 
ligament. At its upper and lower borders it is in contact with the superior and 
inferior ligaments respectively. 

The posterior stemo-costal ligament consists of little more than a thickening 
of the fibrous envelopes of the bone and cartilage, the joint being completed 
behind by a continuity of perichondrium with periosteum. 

The superior and inferior ligaments are strong, well-marked bands, which 
pass from the upper and lower borders respectively of the costal cartilage to the 
lateral edges of the sternum. The sixth and seventh cartilages are so close that 
the superior ligament of the seventh is blended with the inferior of the sixth rib. 

Deeper than the fibres of these ligaments are short fibres passing from the margins of the 
sternal facets to the ed^s of the facets on the cartilages; they are most distinct in the front 
and lower part of the joint, and may encroach so much upon the synovial cavitv as to reduce 
it to a very small size, or almost obhterate it. This occurs mostly in the case ot the sixth and 
seventh joints, especially the latter. 

The interarticular ligament (fig. 282) is by no means constant, but is usually 
present in the second joint on one, if not on both sides of the same subject. It 
consists of a strong transverse bundle of fibres passing from the ridge on the facet 
on the cartilage to the fibrous substance between the manubrium and body; 
sometimes the upper part of the synovial cavity is partially or entirely obliterated 
by short, fine, ligamentous fibres. 

The costo-ziphoid ligament (fig. 282) is a strong fiat band of fibres passing 
obliquely upward and laterally from the front surface of the xiphoid cartUage to 
the anterior surface of the sternal end of the seventh costal cartilage, and most 
frequently to that of the sixth also. 

Synovial membranes. — The union of the first cartilage with the sternum being synchondro- 
dial, it has no synovial membrane; the second has usually two, separated by the interarticular 
ligament. The rest usually have one synovial membrane, which may occasionally be subdivided 
into two (fig. 282). 

The arterial supply is derived from perforating branches of the internal mammary; and 
the nerves come from the anterior branches of the intercostals. 

Movements. — Excepting the first, the chondro-sternal joints are ginglymoid, but the 
motion of which they are capable is very limited. It consists of a hinge-like action in two direc- 
tions: first, there is a slight amount of elevation and depression which takes place round a 
transverse axis, and, secondly, there is some forward and backward movement round an ob- 
liquely vertical axis. In inspiration the cartilage is elevated, the lowest part of its articular 
facet is pressed into the sternal socket, and the sternum is thrust forward so that the upper 
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ftad froat edsas of tha artiouUr surfaces separata a little; ii 
takes place. Thua the two extremitieB of the costal arches n 
pppoaitA directions. 

This ditlareace results nesessarily from the fact that the costal arch 'moves upon the verte- 
bral column, and, having been elevated, it in its turn raises the sternum by pushing it upward 
ftod forward. 

The costo-xiphoid ligament tends to prevent the xiphoid cartilage from being drawn badc- 
ward by the action of the diaphragm. 

Pio. 282. — The Articulation at the Fbont op the Thobax. 
(Left side, showing ligaments; right aide, the synovial cavities.) 




(rf) The Interchondkal Articulations 
Class. — Diarlhrosis. Subdivision. — Arthrodia. 

A little in front of the point where the costal cartilages bend upward toward 
the median line the sixth is united with the seventh, the seventh with the eighth, 

the eighth with the ninth, and the ninth with the tenth. 

A^ this point each of the cartilatjes from the sixth to the ninth inclusive is deeper than 
elsewhere, owing to the projection downward from its lower edge of a broad blunt process, 
which comes into contact with the cart ilaico next below. Each of the apposed surfaces is smooth. 
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iQd thoy are connected at their margins by ligamentous tissue, which forms a complete capsule 
for the articulation, and is lined by a synovial membrane (fig. 282). The largest of these cavi- 
tiea is between the seventh and eighth; those between the eighth and ninth, and ninth and tenth, 
ire smaller, and are not free to play upon each other in the whole of their extent, being held 
together by ligamentous tissue at their anterior margins. Sometimes this fibrous tissue com- 
pletely obhterates the synovial cavity. 

The arteries are derived from the musculo-phrenic, and the nerves from the intercostals. 

Movements. — By means of the costal cartilages and interchondral joints, strength with 
elasticity is given to the waU of the trunk at a part where the cartilages are the only firm struc- 
tures in its composition; while a slight gliding movement is permitted between the costal carti- 
lages themselves, which takes place round an axis corresponaing to the long axis of the cartilages. 
By this means, the outward projection of the lower part of the thoracic wall is increased by deep 
inspiration. 

MOVEMENTS OF THE THORAX AS A WHOLE 

Before describing those movements as a whole, it must be premised that there are somt 
few modifications in the movements of certain ribs resulting from their shape. Thus the firs 
rib (and to a less extent the second also), which is flat on its upper and lower surfaces, revolves 
jn a transverse axis drawn through the costo-vertebral and cos to-transverse joints. During 
inspiration and expiration, the anterior extremities of the first pair of costal arches play up and 
iown, the tubercles and the heads of the ribs acting in a hinge-like manner, the latter having 
ftlso a slight screwing motion. By this movement the anterior ends of the costal arches are 
limply raised or depressed, and the sternum pushed a little forward; it may be likened to the 
movement of a pump-handle, as in fig. 283, a, 6. 

The movements of the other ribs, particularly in the mid-region of the thorax, are more 
complex, for, besides the elevation of the anterior extremities, the bodies and angles of the 

Fig. 283. — Diagram of Axis of Rib-movement. (After Kirkes.) 

a 




ribs rise nearly as much as the extremities themselves. In this movement the tubercles of the 
ribs glide upward and backward in inspiration, and downward and forward in expiration; and 
the movement may be likened to that of a bucket handle, as in fig. 283, A, B. 

During inspiration, the cavity of the thorax is increased in every direction. The antero- 
posterior diameter is increased by the thrusting forward of the sternum, caused by the eleva- 
tion of the costal cartilages and fore part of the ribs, whereby they are brou^t to nearly the 
same level as the heads of the ribs. The transverse diameter is increased: (i) Behind, bv the 
elevation of the middle part of the ribs; for when at rest the mid-part of the rib is on a lower 
level than either the oosto-vertebral or chondro-stemal articulations. Owing to this obliquity 
the transverse diameter is increased when the rib is raised, and the increase is proportionate 
to the degree of obliquity, (ii) Bv the eversion of the lower border of the costal arch, which 
titms outward as the arch is raised, (iii) The transverse diameter is increased in front bv the 
abduction of the anterior extremity of the rib at the same time as it is elevated and thrust 
forward. 

The increase in the vertical diameter of the thorax is due to the elevation of the ribs, espe- 
cially the upper ones, and the consequent widening of the intercostal spaces; but the chief 
increase in this direction is due to the descent of the diaphragm. 

The greatest increase both in the antero-posterior and transverse diameters takes place 
where the ribs are longest, most oblique, and most curved at their angles, and where the bulkiest 
part of the lung is enclosed. This is on a level with the sixth, seventh, and eighth ribs. 

At the lower part of the thorax, where the ribs have no relation to the lungs, and do not 
affect respiration directly by their movements, it is important that the costal arches should 
be thrown weU outward in order to counteract the compression of the abdominal viscera by the 
contraction of the diaphragm. 

By widening and steadying the lower part of the thorax during inspiration, the attachments 
of the muscular fibres of the diaphragm are widened, and their power increased. 

Muscles which take part in the movements of inspiration. — (a) Ordinary inspiration; The 
soalenes, serratus posterior superior, the external and mternal (?) intercostals, the diaphragm; 
thequadratuslumborumand serratus posterior inferior fixing the lower ribs, possibly the poste- 
rior fibres of the external oblique also helping to fix the lower ribs. (6) Extraordinary inspira- 
tion: The superior extremities are raised and fixed. The cervical part of the vertebral column 
and the head arc extended, and in addition to the muscles of ordinary inspiration, the following 
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muscles also come into play: The pectoralis minor, the muscles which extend the head and the 
cervical psurt of the vertebral column, the stemo-mastoid and the supra- and in^u-hyoid mus- 
cles, the lower fibres of the pectoralis major, some of the lower fibres of the serratus anterior, and, 
when the clavicle is fixed, the subclavius. 

Szpiralion is produced by the elasticity of the lungs and the weight of the thorax, aided 
by the elastic reaction and contraction of the external and internal oblique muscles, the recti 
and pyramidales, the transversus abdominis, and the levatores ani and coccygei. In f(irc3)Ie 
expiration all muscles which depress the ribs and reduce the dimensions of the abdomen are 
thrown into action. The internal intercostals probably tend to contract the thorax, excepting 
the parts between the costal cartilages, which tend to expand the thorax. 

THE ARTICULATIONS OF THE UPPER EXTREMITY 

The articulations of the upper extremity are the following: — 

1. The stemo-costo-clavicular. 

2. The scapulo-clavicular union. 

3. The shoulder-joint. 

4. The elbow-joint. 

5. The radio-ulnar union. 

6. The radio-carpal or wrist-joint. 

7. The carpal joints. 

8. The carpo-metacarpal joints. 

9. The intermetacarpal joints. 

10. The metacarpo-phalwgeal joints. 

11. The interphalangeal joints. 

1. THE STERNO-COSTO-CLAVICULAR ARTICULATION 

Class. — Diarthrosis. Subdivision. — Condylarthrosis. 

At this joint the large medial end of the clavicle is united to the superior angle 
of the manubrium stemi, the first costal cartilage also assisting to support the 
clavicle. It is the only joint between the upper extremity and the trunk, and 
takes part in all the movements of the upper limb. Looking at the bones, one 
would say that they were in no way adapted to articulate with one another, and 
yet they assist in constructing a joint of security, strength, and impK>rtance. 
The bones are nowhere in actual contact, being completely separated by an 
articular disc. The interval between the joints of the two sides varies from one 
inch to an inch and a half (2.5-4 cm.). The ligaments of this joint are: — 

(1) Articular capsule. (3) Articular disc. 

(2) Interclavicular. (4) Costo-clavicular. 

The articular capsule (fig. 284) consists of fibres, having varying directions 
and being of various strength and thickness, which completely surround the 
articulation, and are firmly connected with the edges of the interarticular fibro- 
cartilage. 

The fibres at the back of the joint, sometimes styled the posterior stemo- clavicular Gfl- 
ment, are stronger than those in front or below, and consist of two sets: a superficial, paaBmf 
upward and laterally from the manubrium sterni, to the projecting posterior edge of the end of 
the clavicle, a few being prolonged onward upon the posterior surface of the bone. A deepar 
set of fibres, especiaUv thick and numerous below the clavicle, connect the interarticular ea^ 
tilage with the clavicle and with the sternum, but do not extend from one bone to the other. 
The fibres in front, the anterior stemo-clavicular ligament, are well marked, but more lax and 
less tough than the posterior, and are overlaid by the tendinous sternal origin of the sUm^ 
mastoidf the fibres of which run parallel to those of the ligament. They extend obliquely up> 
ward and laterally from the margin of the sternal facet to the anterior surface of the clavidi 
some little distance from the articular margin. The fibres which cover in the joint b^ow ait 
short, woolly, and consist more of fibro-areolar tissue than true fibrous tissue; they extend btm 
the upper border of the first costal cartilage to the lower border of the clavicle just lateral to 
the articular margin, and fill up the gap between it and the costo-clavicular ligament. Thi 
superior portion consists of short tough fibres passing from the sternum to the articular diar; 
and of others welding the fibro-cartilage to the upper edge of the clavicle, only a few of then 
passing from the clavicle direct to the sternum. 

The interclavicular ligament (fig. 284) is a strong, concave band, materially 
strengtbemng the superior portion of the capsule. It is nearly a quarter of an 
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inch (6 mm.) deep with the roncavity upward, its upper border tapering to a 
narrow, almcwt sharp edge. It k comiected with the posterior superior angle of 
the sternal extremity of each clavicle, and with the fibres which weld the mter- 
articular cartilage to the clavicle; and then passes across from clavicle to clavicle 
along the posterior aspect of the upper border of the manubrium etemi. The 
lowest fibres are attached to the sternum, and join the posterior fibres of the 
capsule of each joint. In the middle line, between the ligament and the sternum, 
there b an aperture for the passage of a small artery and vein. 

Id addition to the interdavicultu' ligKmeiit Mr. Carw&rdine ("Joum&l of Anatomy and 
Fl^viology," voL 7, new aeries, p. 232) has deHcribed a special band of the upper portion of tb» 
sterno-davieular oapaule which he proposes to name the 'suprasternal ligament. It descends 
from the upper border of the sternal end of the clavicle to the upper border of the at«mum, and 
is of special miportance as it encloBes the luprutvnud bones, when these rudiments are present. 

The coBto-cUvicular or rhomboid ligament (fig. 284) is a strong dense band, 
composed of fine fibres massed together into a membranous structure. It 
extends from the upper (medial) border of the first costal cartilage (and rib), 
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upward, backward, and distinctly laterally to the costal tuberosity on the under 
surface of the medial extremity of the clavicle, to which it is attached just lateral 
to the lower part of the capsule. Frequently some of the lateral fibres pass up- 
ward and medially behind the rest, and give the appearance of decussating. It 
is from half to three-quarters of an inch (1.5-2 cm.) broad. 

The articular disc (fig. 285) is a flattened disc of nearly the same size and 
outhne as the medial articular end of the clavicle, which it fairly accurately 
fits. It is attached above to the upper border of the posterior edge of the clavicle; 
and below to the cartilage of the first rib at its union with the sternum, where it 
assists in forming the socket for the clavicle. At its circumference it is connected 
with the articular capsule, and this connection is ver>' strong behind, and still 
stronger above, where it is blended with the interclavicular ligament. 

It ia usually thinnest below, where it is connected with the costal cartilaee. It varies in 
thickness in different parts, sometimea hein^ thinner in the centre than at the clrcumfcrenee 
sometimes the reverse, and is occaaioaally perforated in the fentre. It divides the joint into 
two compartments. 

There are two synovial membranes (fig. 285) ; a lateral one, which is reflected 
from the clavicle and capsule over the lateral aspect of the disc and is looser 
than the medial one; the media! is reflected from the sternum over the medial 
side of the articular disc, costal cartilage, and capsule. Occasionally a communi- 
cation takes place between them. 

The arterial supply is derived from branches — (I) from the internal mammary^ (2) from 
the superior thoracic branch of the axillary; (3) twifcs of a muscular branch often arising from 
thr; subclavian artery pass over the interclavicular notch; (4} twigs of the transverse scapular 
(suprascapular) artery. 

The nmre-tupplf is derived from the nerve to the mbclaviai and sternal descending branch 
of the cervical plexus. 
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RelKtiona. — In front of the jouit u the atenial head of the atemo-maatoid. Bdtind it in 
the st«rni>hyoid and aterno-thyieoid muacles. Still further bade, on the right aide, nre the 
ionomiuate and internal mammary arteries, and, on the left side, tne left common carotid, the 
left Hubclavian, and the interiuil mammary arteries. Above and behind, between the stemo- 
mastoid and a terno-byoid musolea, the anterior j ugul&r vein passes back and laterally toward the 
posterior triangle. 

The movements permitted at thia joint are varioua though limited, owing to the capeulu 
ligament being moderately tense in every position of the clavicle. Motion takes place In 
nearly everv direotian — vis., upward, downward, forward, backward, and in a etreumduat«T 
manner. The upward and downward motions occur between the clavicle and the artfculir 
disc; during elevation of the arm the upper edge of the clavicle with its attached articular (Use 
is preMed into the sternal socket , and the lower edge glides away from the disc; during deprMdon 
. of the limb, the lower edge of the clavicle presses on to the disc, while the reat of the articular 
surface of the clavicle inclinea laterally, bringing with it to a slight de^«e the upper edge of 
tike articular disc. These movements occur on an antero-posterior aids drawn tnrough ths 
outer compartment of the joint. The forward and backward motions take place between the 
articular disc and sternum, the clavicle with the disc gliding backward upon the Bt«nmm when 
the shoulder is brought forward, and forward when the shoulder is forced backward; Uiew 
movementa occur round an axis drawn nearly vertically through the eternal socket. 
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The articular disc serves materially to bind the bones together, and to ]}reveat the media 
and upward displacements of the clavicle. It also forms an mstic buffer which tends to break 
shocks. The capsule, by being moderately tiKht, tends to limit movements in all directions, 
while the interclavicular ligament is a safeguard against upward displacement during depreaaion 
of the arm. The costoclavicular ligament prevents dislocation upward during elevation of the 
arm, and resists displacements backward. 

Muscles which move the clavicle at the stemo-clavicular joint.— £l«ralort.—Trapesiue, 
clavicular part of sterno-mastoid, levator scapulffi, omo-hyoid, rhomboids. 

Depressors. — Subclaviua, pecloralis minor, lower fibres of trapesius and serratus anterior 
(magnus). Depression is aided by the weight of the upper extremity. 

PTotradoTs. — Pectoralis major and minor. Serratus anterior (magnus). 

Retraeton. — Latissimus dorsi, trapeiiua. 



2. THE SCAPILO-CLAVICULAR UNION 

The scapula is connected with the clavicle by a synovial joint mth its figa- 
ments at the acromio-clavicular articulation; and also by a set of ligaments pass- 
ing between the coracoid process and the clavicle. So that we have to consider — 

(a) The acrotnio-clavicular articulation. 
(6) The coiaco-clavicular ligaments. 

(c) The proper scapular ligaments are also beat described in this section — 
viz., the coraco-acromial and transverse. 
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(a) The Acromio-clavicular Joint 

Class. — Diarthrosis, Subdivision. — Arthrodia. 

The acromio-clavicular joint is surrounded by an articular capsule and fre- 
quently contains an articular disc. 

The articular capsule (figs. 287 and 290) completely surrounds the articular 
margins, and is composed of strong, coarse fibres arranged in parallel fasciculi, 
of fairly uniform thickness, which are attached to the borders as well as the 
surfaces of the bones. It is somewhat lax.in all positions of the joint, so that the 
clavicle is not tightly braced to the acromion. The fibres extend three-quarters 
of an inch (2 cm.) along the clavicle posteriorly, but only a quarter of an inch 
(6 mm.) anteriorly. Superiorly, they are attached to an oblique line joining 
these two points, while inferiorly they reach to the ridge for the trapezoid liga- 
ment with which they blend. 

At the acromion they extend half wav across the upper and lower surfaces, but at the 
anterior and posterior limits of the joint they are attached close to the articular facet. The 
anterior fibres become blended with the insertion of the coraco-acromial ligament. The 
fibres are strengthened above by the aponeuroses of the trapezitia and deltoid muscles; and all 
run from the acromion to the clavicle medially and backward. 

The articular disc is occasionally present, but is usually imperfect, only oc- 
cupying the upper part of the joint; it may completely divide the joint into two 
cavities, or be perforated in the centre. It is usually thicker at the edge than 
in the centre, and some of the fibres of the articular capsule are blended with its 
edges. 

The synovial membrane lining the joint is occasionally either partially or 
entirely (fivided into two by the articular disc. 

Relations. — Superiorly skin and fascia and the tendinous intersection between the deltoid 
and the trapezius. Inferiorly, the coraco-acromial ligament and supraspinatus. Anteriorly, 
part of the origin of the deltoid. Posteriorly^ part of the insertion oi the trapezius. 

Movements. — A certain amount of gliding movement occurs at this joint, but the most 
important movement is a rotation of the scapula whereby the glenoid cavitv is turned forward 
and upward, or downward. As these movements occur the inferior angle of the scapula moves 
forward as the glenoid cavity turns upward and the superior angle recedes. 

The forward movement of the inferior angle is produced mainly by the inferior fibres of 
the serratus anterior (magnus), aided by the inferior fibres of the trapezius, and it is by this 
movement that the arm is raised above the level of the shoulder forward. 

The reverse movement is produced mainly by the rhomboideus major aided by the latissimus 
dorsi. 

(6) The Coraco-clavicular Union 

The coraco-clavicular ligament (figs. 286, 287, and 290) consists of two parts, 
the conoid and the trapezoid ligaments. 

The conoid ligament is the medial and posterior portion, and passes upward 
and laterally from the coracoid process to the clavicle. 

It is a very strong and coarsely fasciculated band of triangular shape, the apex being 
fixed to the medial and posterior edge of the root of the coracoid process just in front of the 
scapular notch, some fibres joining th'e transverse ligament. Its base is at the clavicle, where 
it widens out, to be attached to the posterior edge of the inferior surface, as well as to the cora- 
coid tubercle. It is easily separated from the trapezoid, without being absolutely distinct. A 
small bursa often exists between it and the coracoid process; medially, some of the fibres of the 
subdavitia muscle are often attached to it. 

The trapezoid ligament is the anterior and lateral portion of the coraco- 
clavicular ligament. It is a strong, flat, quadrilateral plane of closely woven 
fibres, the surfaces of which look upward and medially toward the clavicle, and 
downward and laterally over the upper surface of the coracoid process. 

At the coracoid it is attached for about an inch (2.5 cm.) to a rough ridge which runs 
forward from the angle, along the anterior border of the process. At the clavicle it is attached 
to the oblique ridge which runs laterally and forward from the coracoid tubercle, reaching as 
far as, and blending with the inferior part of the acromio-clavicular ligament. Its ant^or 
edge is free, and overlies the coraco-acromial ligament; the posterior edge is shorter than the 
anterior, and is in contact with the posterior and lateral portion of the conoid ligament. 

The arterial supply is derived from the transverse scapular (suprascapular), acromial 
branches of the thoraco-acromial, and the anterior circumflex. 

The nerve-supply is derived from the suprascapular and axillary (circumflex) nerves. 
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Hov«ineiits. — In the movementa of the shoulder girdle, the scapulft moves upon the Istcnl 
end of the clavicle, and the clavicle, in turn, carried by the uniting ligaments, moves upon the 
Btemum; so that the entire scapula moves in the arc of a circle whose centre is at the sttno- 
olavicular joint, and whose radius is the clavicle. The scapula, in moving upon the clavicle, 
also moves upon the thorar forward and backward, upward and downward, and also in a iota- 
tory direction upon an axis drawn at right angles to tne centre of the bone. Throughout these 
movements the inferior angle and base of the scapula are kept in contact with the ribe by the 
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latiatimut dorti, which straps down the former, and the rhomboids and terroJus anterior (mofrniM), 
which brace down the latter. The glenoid cavity could not have preserved its obliqudy 
forward direction had there been no acrotnio-clavicular joint, but would have shifted round a 
vertical axis, and thus the shoulder would have pointed tnedialward when the scapula was 
advanced, and lateralward when it was drawn backward. By means of the acromio-clavicular 

t'oint, the scapula can be forcibly advanced upon the thorax, the glenoid cavity all the time 
:eeping its face duly forward. Thus the muscles of the shoulder and forearm can be with 
advantage combined, as, for example, in giving a direct blow. The acromioH^vicular joint 
also permits the lower angle of the scapula to be retained in contact with the chest wall during 
the rising and falling of the shoulder, the scapula turning in a hinge-like manner round the 
horizontal axis of the joint. 

There are no actions in which the scapula moves on a fixed clavicle, or the clavicle on a 
fixed scapula; the two bones, bound together by their connecting ligament, must move in 



(c) The Proper Scapular Ligaments 

There are three proper ligaments of the scapula, which pass between different 
portions of the bone, viz. — 

Coraco-acromial. Superior transverse. 

Inferior transverse. 

The coraco-acromial ligament (figs. 286 and 290) is a fiat, triangular band 
with a broad base, attached to the lateral border of the coracoid process, and a 
blunt apex which is fixed to the tip of the acromion. It is made up of two broad 
marginal bands, and a smaller and thinner intervening portion. The anterior 
band, which arises from the anterior portion of the coracoid process, is the 
stronger, and some of its marginal fibres can often be traced into the short head 
of the biceps, which can then make tense this edge of the ligament. The pos- 
terior band, coming from the posterior part of the coracoid process, is also strong. 
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The intermediate part, of variable extent, is thin and membranous, contaimng 
but few ligamentous fibres; it is often incomplete near the coracoid process, 
leaving a small gap (fig. 286). 

Tbe mipoior surface of the ligament looks upward and a little forward, and is covered by 
the d^toid muscle; the inferior looks downward and a little backward, ana is separated from 
the capsule of the shoulder-joint b^ a bursa and the tendons of the eupraipinatut and suA- 
teapulari* muscles. At the coracoid process it overlies the coraco-humeral liKament. It is 
barely one-third of an inch (8 mm,) above the capsule of the shoulder, and in the undissected 
state there is scarcely a quarter of an inch (6 mm.) interval. The anterior band projects over 
the centre of the head of the humerus, and is continued into a tough fascia under the deltoid; 
the posterior band is continuous with the fascia over the supraspinatus muscle. It binds the 




The superior transverse (coracoid, or suprascapular) ligament (figs. 286, 
287, and 288) is a small triangular band of fibrous tissue, the surfaces of which 
look forward and backward; and its edges, which are thin and sharp, are turned 
upward and downward. It continues the superior border of the scapula, bridging 
over the scapular notch. 

It is broader medially, where it springs from the upper border of the scapula on its dorsal 

surface; and narrow laterally, where it ia attached to the base of the coracoid process; some of 
its fibres are inserted under the edge of the trapezoid ligament, and others pass upward with 
the conoid to reach the clavicle. The tramver»e scapular (auprascapular) arlery passes over it, 
and the supratcapular nerve beneath it. Medially, some fibres of the omo-kyoid muscle arise 

The lafwior transverse (spino-slenoid) ligament (fig. 2S7) reaches from the lateral 
border of the niine of the scapula to tne margin of the glenoid cavity, and so forms a foramen 
under which the transverge icaoular (tupraacapular) vessels and suprascapular nerve gain the 
infraaptnous fossa. It is usually a ' '- '- ■ '"- '"■' '" " 



r a weak membranous structure with but few ligamentous 



3. THE SHOULDER-JOINT 
Class . — Diarlhroais. Subdivision. — Ena rthrodia . 

The shoulder [articulatio humeri] is one of the most perfect and moat movable 
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of joints, the large upper end of the humerus playing upon the shallow glenoid 
cavity. Like the hip, it is a bail-and-socket joint. It is retained in poeitioti 
much less by ligaments than by muscles, and, owing to the looseness of its cai>- 
sule, OS well as to all the other conditions of its construction and position, it is 
exceedingly liable to be displaced; on the other hand, it is sheltered from violence 
by the two projecting processes — the acromion and coracoid. 
The ligaments of the shoulder-joint are: — 



Articular capsule. 
Gleno-humeral. 



Ck)raco-humeral. 
Glenoid. 



The articular capsule (figs. 286, 287, and 288) is a loose sac, insufficient in 
itself to maintain the bones in contact. It consists of fairly distinct but not 
coarse fibres, closely woven together, and directed, some straight, others ob- 
liquely, between the two bones, a few circular ones being interwoven amongst 
them. At the scapula, it is fixed on the dorsal aspect to the prominent rough 

Fio. 288. — Verticai. Section throuob the Shooldbr-joint to show the Glbno-kumisal 

LiautBNT. 

(The joint i« opened from behind.) 




surface around the margin of the glenoid cavity, reaching as far as the neck of 
the bone. Superiorly, it is attached to the root of the coracoid process; an- 
teriorly, to the ventral surface, at a variable distance from the articular margin, 
often reaching half an inch (12 mm.) upon the neck of the bone, and thus allow- 
ing the formation of a pouch; it may not, however, extend for more than a 
quarter of an inch (6 mm.) beyond the articular margin; inferiorly, it blends with 
the origin of the long head of the triceps. At the humerus, the superior half is 
fixed to the anatomical neck, sending a prolongation downward between the two 
tuberosities which attenuates as it descends, and covers the transverse humeral 
ligament. The lower half of the capsule descends upon the humerus further 
from the articular margin, some of the deeper fibres being reflected upward so 
as to be attached close to the articular edge, thus forming a kind of fibrous in- 
vestment for the neck of the humerus. This ligament is more uniform in thickness 
than that of the hip. 

Gleno-humeral bands of the capsule (figs. 288 and 289). — There are three 
accessory bands, known as the superior, middle and inferior gleno-humeral bands, 
which project toward the interior of the joint from the fore part of the capsule 
and are consequently best seen when the joint is opened from beh'nd. 

The middle band reaches from the anterior margin at the glenoid cavity aloDg the lower 
border of the aubscapulsris tendon to the lower border of the leiiscr tuberoeit}', and the infarior 
band from the inferior part of the glenoid cavity to the inferior part of the neck of the h 
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lbs SBperloc band, known'also as the gleno-IiumenU linmant, runs from the edge of the gleooid 
cftTity at the root of the coracoid process, just medi&l to the origm of the long tendon of the 
bieeps, and, passing laterally and downward at an acute angle to the t«ndon, for which it forma 
a ali^t grooTO or buIcub, is fixed to a depression, the fovea capitis humeri, above the lesser 
tnbcroaity of the humems. It is a thin, ribbon-like band, of which the superior surface is 
4ttaehed to the capsule, while the inferior is free and turned toward the joint. In the fcetus 
it ia often, and in the adult oocaaionally, quite free from the capsule, and may be as thick as 
the long tendon of the biceps (fig. 289). 

The tendons of the supra- and ii^rorfpinatua, ttra minor, and mfrseapuJaris musoies 
■toengthen and support the capsute. especiaUy near their points of insertion, and can be with 
difficulty dissected off from it. The long head of the lric«p« supports and strengthens the 
capsule bebw. The capsule also receives an upward slip from the pectoroiu major. The 
mvpratpinatiH often sends a slip into the capsule from its upper edge (fig. 288). 

Tbe coraco-humeral ligament (fig. 290) is a strong broad band, which is 
attached above to the lateral edge of the root and horizontal limb of the coracoid 
process nearly as far as the tip. From this origin it is directed backward along 
the line of the biceps tendon to blend with the capsule, and is inserted into 
the greater tuberosity of the humerus. 

Seen from the book, it looks like an uninterrupted continuation of the capsule, while from 
the front it looks like a fan-ahaped prolongation from it overlying the rest of tne ligament. At 
ita origin there ia eometimes a bursa between it and the capsule. 

The glenoid ligament or lip [labnim glenoidale] (figs. 288 and 292) is a narrow 
rim of dense fibro-cartilage, which surrounds the edge of the glenoid socket and 
deepens it. It is about a quarter of an inch (6 mm.) wide above and below, but 
less at its sides. Its peripheral edge is inseparably welded, near the bone, with 




the articular capsule. Its structure is almost entirely Bbrous, with but few 
cartilage cells intermixed. At the upper part of the fossa the biceps tendon is 
proloi^ed into the glenoid ligament, the tendon usually dividing and sending 
fibres right and left into the ligament, which may wind round nearly the whole 
circumference of the socket. It may, however, send fibres into one side only, 
usually into the lateral. 

The articular cartilage covering the glenoid fossa is thicker at the circumfer- 
ence than in the centre, thus tending to deepen the cavity. It is usually thickest 
at the lower part of the fossa; over the head of the humerus the cartilage is thickest 
at and below the centre. 

The synovial membrane lines the glenoid ligament, and is then reSected over 
the capsule as far as its attachment to the humerus, from which it ascends as 
far as the edge of the articular cartilage. The tendon of the biceps receives a 
long tubular sheath, which is continuous with the synovial membrane, both at 
its attached extremity and at the bicipital groove, but is free in the rest of its 
extent. The synoviaJ cavity almost always communicates with the bursa under 
the subscapularis, and sometimes with one under the infraspinatus muscle. 

It also sends a pouch-like prolongation beneath the coracoid process when the fibrous 
capsule is attached wide of the margin of the glenoid fossa. A few fringes are seen near the 
edge of the glenoid cavity^ and there is often one which runs down the medial edge of the 
biceps tendon, extending shghtly below it and making a slight groove for the tendon to lie in. 
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The transverse humeral ligameat (&g. 290) ia ao closely connected with the 
capsule of the shoulder that, ^though it is a proper ligament of the hmnerua, it 
may well be described here. It is a strong bcuid of fibrous tissue, which extends 





between the two tuberosities, roofing in the intertubercular (bicipital) groove. It 
is covered by a thin expansion of the capsule. It is limited to the portion of the 
bone above the line of the epiphysis. 



THE SHOULDER-JOINT 257 

Relatlaiu. — The following miuolea &re in contact with the capBule of the shoulder-joint. 
In front, the subscapulAriB; above, the aupraspinatus; above ana behind^ the infraa^inatua; 
behind, the teree minor; below, the long head of the triceps and the teres major. In the interval 
between the etibsoapularia and the supraapinatua the aubacroroit^ bursa ia close to the capsule 
and oeoaakinally its cavity oommimicates with the cavity of the joint. 

The axillaiv (circumflex) nerve and posterior circumflex artery pass beneath the capsule 
in the interval between the bng head of the triceps, the humerus, and the teres major. When 
the arm is abducted, the long l^ad of the triceps and the teres major are drawn into closer rela- 
tion with the capsule and hdp to prevent dislocation of the humerus. 

The aallarf vessels, the n^at nerves of the axilla, the short head of the biceps^ and the 
eoraco-brachiah* are separated from the joint by the subscapularis, whilst the deltoid forma a 
kind of cap, which extends from the front to the back over the more immediate relations. 

The aftsrlal supply is derived from the transverse scapular (suprascapular), anterior and 
posrt«rior ciccomflex, subscapular, circumflex scapular (dorsalis scapuln), and a branch from the 
second portion of toe axillary artery. 

The nerve-snppW is derived from I 
B axillary (circumflex) and subscapu 

The movementt of the shoulder-joint consist of flexion, extension, adduction, abduction, 
rotation and circumduction. 

Flexion is the swinging forward, extension the swinging backward, of the humerus; abduc- 
tion is the raising of the arm from, and adduction depression of the arm to, the side. In flexion 
and extension the head of the humerus moves upon the centre of the glenoid fossa round an 

Fia. 292. — BicKFs Tekdon, Bitubcatinq and Blending on xach Sisx with thx Glkhois 
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oblique line corresponding to the axis of the head and neck of the humerus, flexion being more 
free than extension, and m extreme flexion the scapula follows the head of the humerus, so as 
to keep the articular surfaces in apposition. In extension the scapula moves much leas, if 
at all. 

In abduction and adduction the scapula is fixed, and the humerus rolls up and down upon 
the glenoid fossa; during abduction the head descends until it {irojeota beyond the lower edge 
of the glenoid cavity, and the greater tuberosity impinges against the arch of the acromion; 
during adduction, the head of the humerus ascends in its socket, the arm at length reaches the 
side, and the capsule is completely relaxed. 

In circumduction, the humerus, by passing quickly through these movements, describes 
a cone, whose apex is at the shoulder-joint, and the base at the distal extremity of the bone 

Rotation takes place round a ve'rtitul axis drawn through the extremities of the humerus 
from the centre of the head to the inner condyle; in rotation forward (that is, medialward) the 
bead of the bone rolls back in the socket as the great tuberosity and shaft are turned forward; 
in rotation backward (that is, lateralward) the head of the bone glides forward, and the tuber- 
osity and shaft of the humerus are turned backward, i. e., lateralward. 

Great freedom of movement is permitted at the shoulder, and this is increased by the 
mobility of the scapula. Restraint is scarcely exercised at all upon the movements of the 
shoulder by the hgamenta, but chiefly by the muacles of the joint. 

In abduction, the loner part of the capsule is somewhat, and in extreme abduction con- 
siderably, tightened; and in rotation medialward and lateralward, the upper part of the capsule 
is made tense, as is also, in the latter movement, the coraco-humeral ligament. 

The movements of abduction and extension have a most decided and definite resistance 
offered to them other than by muscles and UROments, for the greater tuberosity of the humerus, 
by strikinK gainst the acromion process and coraco-acromiol ligament, stops short any further 
advance M t£e bone in these directions, and thus abduction ceases altogether as soon as the arm 
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is raised to a right angle with the trunk, and extension shortly after the humerus passes the line 
of the trunk. 

Further elevation of the arm beyond the right angle, in the abducted or extended position, 
is effected by the rotation of the scapula round its own axis by the action of the trapezius ana 
serratus anterior muscles upon the stemo-clavicular and acromio-clavicular joints respective^. 

The acromion and coracoid process, together with the coraco-acromial ligament, form an 
arch, which is separated by a bursa and the tendon of the aupraspinaiua from the capsule of 
the shoulder. Beneath this arch the movements of the joint take place, and against it the head 
and tuberosities are pressed when the weight of the trunk is supported by the arms; the ^;reater 
tuberosity and the upper part of the ahsJt impinge upon it when abduction and extension are 
carried to their fullest extent. kd 

No description of the shoulder-joint would be complete without a short notice of the peculiar 
relation which the biceps tendon bears to the joint. It passes over the head of the humerus a 
little to the medial side of its summit, and lies free within the capsule, surrounded only by[a 
tubular process of s3movial membrane. It is flat, with the surfaces looKing upward and down- 
wuxl, until it reaches the inter tubercular (bicipital) groove, when it assumes a rounded form. 
It strengthens the articulation along the same course as the coraco-humeral ligament, and tenda 
to prevent the head of the humerus from being pulled upward too forcibly against the inferior 
sunace of the acromion. It also serves the purpose of a ligament by steadying the head of the 
humerus in various movements of the arm and forearm, and to this end is let into a groove at 
the upper end of the bone, from which it cannot escape on account of the abutting tuberosities 
and the strong transverse humeral ligament which binds it down. Further, it acts like the four 
shoulder muscles which pass over the capsule, to keep the head of the humerus against the glen- 
oid socket; and, moreover, it resists the tendency of the pectoralis major and kUissimua dorti 
muscles, in certain actions when the arm is away from the side of the body, to pull the head of 
the humerus below the lower edge of the cavity. 

Muscles which act upon the shoulder-joint. — Flexors or protradors, — Deltoid (anterior 
fibres), pectoralis major (clavicular fibres), coraco-brachialis, biceps (short head), subscapularia 
(upper fibres). 

Extensors or retractors. — ^Latissimus dorsi, deltoid (posterior fibres), teres major, teres minor, 
infraspinatus (lower fibres). 

Abductors. — Deltoid, supraspinatus, biceps (long head). 

Adductors. — Pectoralis major, latissimus dorsi, subscapularis, infraspinatus, teres major, 
teres minor, coraco-brachialis, biceps (short head), triceps (lower head). 

Medial rotators. — Pectoralis major, latissimus dorsi, teres major, subscapularis, deltoid 
(anterior fibres). 

Lateral rotators. — Deltoid (posterior fibres), infraspinatus, teres minor. 

Circumdudors. — The above groups acting consecutively. 

4. THE ELBOW-JOINT 
Class. — Diarthrosis. Subdivision. — Ginglymtts. 

The elbow [articulatio cubiti] is a complete hinge, and, unlike the knee, 
depends for its security and strength upon the configuration of its bones rather 
than on the number, strength, or arrangement of its ligaments. The bones 
composing it are the lower end of the humerus above, and the upper ends of the 
radius and ulna below; the articular surface of the himierus being received 
partly within the semilunar notch (great sigmoid cavity) of the ulna, and partly 
upon the cup-shaped area (fovea) of the radial head. The ligaments form one 
large and capacious capsule [capsula articularis], which, by blending with the 
annular ligament, and then passing on to be attached to the neck of the radius, 
embraces the elbow and the superior radio-ulnar joints, uniting them into one. 
Laterally, it is considerably strengthened by superadded fibres arising from the 
epicondyles of the humerus and inseparably connected with the capsule. For 
convenience of description it will be spoken of as consisting of four portions: — 

Anterior. Medial. 

Posterior. Lateral- 

The anterior portion (fig. 293) is attached to the front of the humerus above 
the articular surface and coronoid fossa, in an inverted Vnshaped manner, to two 
very faintly marked ridges which start from the front of the medial and lateral 
epicondyles, and meet a variable distance above the coronoid fossa. Below, it is 
fixed, just beyond the articular margin, to the front of the coronoid process and it 
is intimately blended with the front of the annular ligament, a few fibres passing 
on to the neck of the radius. 

It varies in strength and thickness, being sometimes so thin as barely to cover the synovial 
membrane; at others, thick and strong, and formed of coarse, decussating fibres, the majority 
of which descend from the medial side laterally to the radius.. 
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The posterior portion (fig. 294), thin and membranous, is attached superiorly 
to the humerus, in much the same inverted V-ahaped way as the anterior; ascend- 
ing from the medial epicondyle, along the medial side of the olecranon foasa 
nearly to the top; then, crossing the bottom of the fossa, it descends on the lateral 
side, skirting the lateral margin of the trochl ear surface, and turns laterally along 
the posterior edge of the capitulum. Inferiorly, it is attached to a sUght groove 



FiQ. 203.— Medial View 
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along the superior and lateral surfaces of the olecranon, and the rough surface of 
the ulna just beyond the radial notch, and to the annular l^ament, a few fibres 
; on to the neck of the radius. 



It is composed of decussating fibres, most of which pass vertically or obliauely downward, a 
few taking a transverHe course at the summit of the olecranon fossa where the uguoent is usually 
lUnnest. 



Fia, 294.— Lateral V 




'Annuki litaoeilt 



The medial portion, the ulnar collateral ligament (fig. 293), is thicker, stronger, 
and denser than either the anterior or posterior portions. It is triangular in 
form, its apex being attached to the anterior and under aspect of the medial 
epicondyle, and to the condyloid edge of the groove between the trochlea and the 
condyle. The fibres radiate downward from this attachment, the anterior 
passing forward to be fixed to the rough overhanging medial edge of the coronoid 
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process; the middle descend less obliquely to a ridge running between the corouoid 
and olecranon processes, while the posterior pass obliquely backward to the 
medial edge of the olecranon just beyond the articular margin. 




Flo. 296. — Tbb Uppek Extreuitt of the Ulna, to show the Relation or the Asncv- 
LAR Capsule or the Eiaow-joint (in rep) to the Epiputbial Links. 




An oblique band (the oblique ligament of Sir Astley Cooper) connects the margin of the 
olecninon process with the margin of the coronoid process. It lies superficial to the poaterior 
fibres of the ulnar collateral ligament. The anterior fibres are the thickest, atrongMt, and moat 

pronounced. 
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Ersl portion, the radial collateral ligament (fig. 294), is attached above 
r part of the lateral t-picondyle, and from this the fibres radiate to 
, — .. „.™^..raent into the lateral side of the annular ligament, a few fibres being 
prolonged to reach the neck of the radius. The anterior fibres reach further 
forward than the posterior do behind. It is strong and well-marked, but less 
so than the medial portion. 

(The synovial membrane lines the whole of the capsule, and extends into the 
Superior radio-ulnar joint, lining the annular ligament. 
Outside the synovial mcnibraoe. but inside the CApsule, are often eceti some pada of fatty 
tJBBue; one la eituated on the medial side at the base of the olecranon, another is seen on the 
lateral side projecting into the cavity between the radius and ulna; this latter, with a fold of 
evnovial membrane opposite the front of the lateral lip of the trochlea, suggests the division of 
the joint into two parts— one medially for the ulna, and another laterally for the radius. 
There are also pads of fatty tissue at the bottom of the olecranon and coronoid tosete, and at 



theti 
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e arterial supply is derived from each of the vessels forming the tree anastomoHia around 
the elbow, and there is also a special branch to the front and lateral side of the joint, from the 
brachial artery, and the arterial branch to the brachialia also feeds the front of the joint. 

The nerve-supply comes chiefly from the musculo-cutaueous; the ulnar, median, and radial 
(musculo-apiral) also give filaments to the joint. 

Relations.^ — In front of the joint, and in immediate relation with the capsule, are the 
brachialis, the superficial and deep branches of the radial (musculo-epiral) nerve, the radial re- 
current artery, and the brachio-radialis. The brachial arterv, the median nerve, and the pro- 
nator teres are separated from the capsule by the brachialis. Directly behind the capsule 
are the triceps, the anconeus, and the posterior interosseous recurrent artery. On the medial 
side are the ulnar nerve, the superior ulnar collateral (posterior ulnar recurrent ) artery, and the 
upper parts of the flexor carpi ulnaria and flexor digitorum sublimis. On the lateral side lie 
the extensor carpi radialis longus and the upper part of the common tendon of origin of the 
■uperficial extensors of the wrist and fineers. 

The movements permitted at the elbow are those of a true hin^ joint, viz., flexion and 
extension. These movements are oblique, eo that the forearm is inclined medially in flexion, 
and laterally in extension; they are limited by the contact respectively of the coronoid and ole- 
cranon processes of the ulna with their corresponding fossie on the humerus, and their extent is 
determined by the relative proportion between the length of the processes and depth of the 
foesie which receive them, rather than by the tension of the Ugaroents, or the bulk of the soft 
parts over them. The anterior and posterior portions of the capsule, together with the cones- 
ponding portions of the collateral hgament, are not put on the stretch during flexion and eiten- 
Bion; but, although they may assist in checldng the velocity, and thus prevent undue force of 
impact, they do not control or determine the extent of these movements. The hmit of exten- 
sion is reached when the ulna is nearly in a straight Une with the humerus; and the limit of 
flexion when the ulna describes an anfile of from M)" to 40° with the humerus. 

The obhquity of these movements is due to the lateral inclination of the upper and back 
part of the trochlear surface, and the greater prominence of the medial lip of the trochlea below; 
thus the plane of motion is directed from behind forward and medially, and carries the hand 
toward the middle third of the clavicle. The obliquity of the joint, the twist of the shaft of 
the humerus, and the backward direction of its head, all tend to bring the hand toward the mid- 
line of the body, under the immediate observation of the eye, whether for defence^ emplovment, 
or nourishment. This is in striking contrast to the lower limb, where the direction of the foot 
diverges from the median axis of t))e trunk, thus preventing awkwardness in locomotion. In 
flexion and extension, the cup-hke depression of the radial head ghdes upon the capitulum, and 
the medial margin of the radial head travels in the groove between the capitulum and the 
trochlea. This allows the radius to rotate upon the humerus while following the ulna in all 
its movements. In full extension and supination, the bead of the radius is barely in contact 
with the inferior surface of the capitulum. and projects »o much backward that its posterior 
margin can be felt as a prominence at the back of the elbow. In full flexion the anterior edge 
of the radial heail is received into, and checked against, the depression above the capitulum; 
while in mid-flexion the cup-like depression is fairly received upon the capitulum, and in this 
pocition, the radius beins; more completely steadied by the humerus than in any other, pro- 
nation and supination take place most perfectly. 

Hnsdes which act upon the el bow -join I.^FIcjrors.— Brachialis, biceps, brachio-radialia, 
pronator teres, flexor carpi radiaUs, palmaris longus, flexor digitorum sublimis, flexor carpi 
ulnaris. 

BxtensoTs. — Triceps, anconeus, and the muscles which spring from the lateral epicondyle 

5. THE UNION" OF THE RADIUS WITH THE ULN.\ 

The radius i.s firmly imited to the ulna by two joints, and an intermediate 
f fibrous union, viz.: — ■ 

(a) The superior radio-ulnar— whereat the head of the radius rotates within 
the radial notch and annular ligament. 

(6) The union of the shafts — the mid radio-ulnar union. 

(c) The inferior radio-ulnar — whereat the lower end of the radius roUx romul 
I ibe head of the ulna. 
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(a) The Superior Radio-ulnar Joint 

Class. — Diarthrosis. Subdivision. — Trockoidea. 

The bones which enter into this joint (which is often included with the elbow- 
joint) are, the ulna by its radial notch and the radius by the smooth vertical bonier 
or rim on its head. There is but one ligament special to the joint, viz.: — 

Annular. 

The fltinnlflr ligament consists of bands of strong fibres, somewhat thiclca 
than the capsule of the elbow-joint, which encircle the head of the radius, re- 
taining it against the side of the ulna. The bulk of these fibres forma about three- 
fourths of a circle, and they are attached to the anterior and posterior margin! 
of the radial notch; some few are continued round below the radial notch, and 
form a complete ligamentous circle. 

The ligomeat ia inseparably connected along its upper edge and Iftteral (i. e.. its dod- 
articular) surface with the anterior, posterior, ana lateral portions of the capsule of toe eOwir, 
a few of the fibres of these portions, especially of the lateral, descending to be attached to tbe 
neok of the radius. The lower part of the articulation is covered in anteriorly, poeteriorly, aixi 
laterally by a thin independent membranous layer, which passes from the lower edge of the 
annular ligament to the neolc of the radius, strengthened on the lateral side by those Ebni 
passing down from the capsule. They are loose enough to allow the bone to rotate upon ill 

Fio. 297. — Annular Ligament, 

(The head of the radius removed to show the membranous connection of this ligament 

with the radius.) 



'CapmlB ol olbov- joint 




n by a loose membrane, the lin* 



The synovial membrane is the same as that of the elbow-joint, and, after 
linit^ the annular ligament, passes on to the neck of the radius, and thence up to 
the lower margin of the articular cartilage. 



(6) The Mm Radio-ulnar Union 

Class. — Synarthrosis. Subdivision. — Syndesmosia. 

There are two interosseous lineaments which pass betweeen the shafts of the 
bones and unite them firmly together, viz. : — 

Oblique cord. Interosseous membrane. 

The oblique cord [chorda obliqua] (figs. 293 and 298) is a fairly strong, narrow 
blind, wliich passes from the lower end of the rough lateral border of .the coronoid 
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rocesa, downward &nd laterally to be attached to the posterior edge of the 
>wer end of the tuberoBity of the radius and the vertical ridge runnii^ from it 
1 the medial border of the bone. 

Some of ita fibres blend with the fibres of insertion of the bicepe tendon; behind, it is in 
ow coDtact with the mpinator; below, a thin membrftne pasaes of! from it to the upper edgje 
' the interosseous membrane; the ptMterior interosaeouB vessela pass in the space between it 
id the interoeaeous membrane; occasionally a slip is continued into the annular ligament of the 
iperior radio-ulnar articulation (see fig. 298). 

The interosseous membrane (fig. 293) is attached to the ulna at the lowest 
art of the ridge in front of the depression for the supinator, and along the whole 
ingth of the interosseous border as far as the inferior radio-ulnar articulation, 
pproaching the front of the bone in the lower part of its attachment. To the 
idius it ia attached along the interosseous border, from an inch (2.5 cm.) below 
le tuberosity to the ulnar notch for the lower end of the ulna. 

It is strongest and broadest in the centre, where the fibres are dense and closely packed; 
is also well marked beneath the pronator guadTolua, and thickens considerably at the lower end, 
nning a strong band of union between the two bones. Its fibres pass chiefly downward 
id medially, from the radius to the ulna, though some take the opposite direotion; at the lower 
id some are transverse. On the posterior surface are one or two hands, which pass downward 
id laterally from the ulna to the radius, and frequently there is a strong bundle as large as the 

to. 298. — Upper Pobtionb or Lurr Ulna and Radius, to show an Occabional Sup rsOM 
THE Obuque Cord to the Lowes Part of the Annclar Lioauent. This condition is 

E resent in the spider monkey (Atdes), which has no external thumb but only rudimeDtai? 
ones of one. 
(From a dissection by Mr. W. Pearson, Royal College of Surgeons, England.) 




>lique cord; this, \ ... 

le ulna, an inch and a 

rave and behind the ulnar notch of the radius. 

At il« attachment to the bones, the interosseous membrane blends with the periosteum. 
B upper border is connected with the oblique cord by a thin membrane, which is pierced by 
le posterior int«rosseouB vessels; and the lower border, which stretches across between the two 
>nes just above the inferior radio-ulnar articulation, assists in completing the capsule of that 
int. Its anterior surface is in relation with the flexor digilomm profunAu and flexor poOidt 
ftgui in the upper three-quarters, the lower fourth beins in relation with the pronalor quadnUua. 
he anterior mterosaeous vessels and nerve descend along the middle of the membrane, the 
■teiy being bound down to it. About an inch from the lower end it is pierced by the antcorior 
teroeseous artery. The posterior surface is in relation with the tupinator, abduetor poUieit 



n^v* {extensor ossia metacarpi poUicis], ezleruor pollicU l<m{fut and bmit, and the 
diets propriut; at ita lower part, also with the posterior branch of the 
tery, ana the deep branch of the radial nerve (posterior interosseous). 



(c) The Inferior Radio-ulnar Joint 

Class. — Diartkrosia. Subdirision. — Trochoides. 

This is, in one respect, the reverse of the superior; for the radius, instead of 
resenting a circular head to rotate upon the facet on the ulna, presents a concave 
cet which rolls round the ulna. The articulation may be said to consist of two 
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parts at right angles to each other; one between the radius and ulna, and the 
other between the ulna and the articular disc (triangular fibro-cartil^e). 

The ligaments are: — 

Anterior radio-ulnar. Posterior radio-ulnar. 

Articular disc. 

The articular disc (triangular fibro^artilage) (figs. 303 and 304) assists the 
radius in forming an arch under which is received the first row of carpal bones. 
Its base is attached to the margin of the radius, separating the ulnar notch from 
the articular surface for the carpus, while its apex is fixed to the fossa at the base 
of the styloid process of the ulna. It gradually and uniformly diminishes in 
width from base to apex, becoming rounded where it is fixed to the ulna; it is 
joined by fibres of the ulnar collateral ligament of the wrist. 



Fi<3. 299. — Lower EbcntEMTTiEB op the Radius and Ulna to Show tbe Hei^ttoh or 
THE ABTicuLAa Capbdle of the Wrist Joint (in red) to thb Epiphtbiai. IdNSS. Note Uu 
upirard exterudon of the membr&na saccifonnis. 




itself to tbe ulna, and eciouth ami ^li^hlly concave below to tit over the triquetral bone. lU 
anterior and postrator borders are united to Ibe anterior and posterior radio-ulnar and radio- 
caipal ligaments. It is the moat important structure in the inferior radio-carpal articulation, 
OB it ia a very firm bond of union between the lower ends of the bones, and serves to limit their 
movements upon one another more than any other structure in either the upper or tower radio- 
ulnar joints. Its structure is fibrous at the circumference, while in the centre there is a prepon- 
derance of cells. It differs from all other fibro-cartilages in enterins into two distinct ulicula- 
tions; and separates entirely the synovial membrane of the radio-ulnar joint from that of tbe 
wrbt. 

The lower end of the interosseous membrane extends between the ulna and 
radius immediately above their point.'! of contact. Transverse fibres between the 
two bones form a sort of arch above the concave articular facet of the radius, and, 
joining the anterior and posterior radio-ulnar ligaments, complete the articular 
capsule of the inferior radio-ulnarjjoint. The ligaments represent » merely 
thickenings of the capsule. 

The anterior radio-ulnar ligament (fi|C. 300) is attached by one end to the anterior edge 
of the ulnar notch of the radius, and bv tbe other to the rou|i^ bone above the articular surface 
of the ulna as far medially as the notch, as well as into the anterior margin of the triangu or 
t»rtilage from base to apex. 

The posterior radio-ulnar ligament (fig. 301) is similarly attached to the posterior margin 
of the ulnar notch at one end, and at the other to the rough bone above the articular surface of 
the extremit]^ of the ulna as far medially as the groove for the extensor carpi vinarit, witb the 
sheath of which it is connected, as well as into the whole length of the posterior mai^pn of the 
articular disc. Both the radio-ulnar ligaments consist,of thin, almost scattered, fibres. 
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The synovial membrane, Eometimea called the membrana sacciformis, is 
targe and loose in proportion to the size of the joint. It is not only interposed 
between the radial and ulnar articular surfaces, but lines the terminal articular 
surface of the ulna and the upper surface of the articular disc. 



s derived From the volar interosseous artery aad branches of the 
interoBBeouB of the median, and the deep branch 
digili quiuti proprius and in front the 
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The arterial supply h 
volar carpal rete. 

The nerve-supply conies from the volar ii 
of the radial (pastcrior interosseous ). 

Belatiotts.— Behind lies the tendon of the e 
flexor digitorum profundus. 

The movementi of the radius. — The upper end of the radius rotates upon an axis drawn 
through its own head and neck within the collar formed by the radial notch and the annular 
ligament, whiie the lower end, retained in position by ihe articular disc, rolls round the 
head of the ulna. This rotation is called pronation, when the radius from a position nearly 
parallel to the ulna turns medialward so as lo lie obliquely anross it; and tupination, when the 
ndius turns back apain, so as to uncross and lie nearly parallel with the ulna. In these move- 
ments the radius carries with it the band, which rotates on an axis passing alont; the ulnar side 
of the hand; thus, the hand when pronaI«d lies with its dorsum upward, as in playing the 
piano, while when supinated^ the palm ties upward — the attitude of a beg^ asking alms. 
Ward thus expresses the relations of the two extremities of the radius iu pronation and supina- 
tion: 'The head of the radius is so disposed in rein (ion to the sigmoid cavity (ulnar notch) at 
the lower end that the axis of the former it prolonged falls upon the centre ot the circle of which 
the latter is a segment;' the axis thus passes through the lower end of the ulna at a point at 
which the articuwr disc is attached, and if prolonged further, passes through the ring finger. 
Thus the radius describes, in rotating, a blunt-pointed cone whoee apex is the centre of the radial 
head, and whose base is at the wrist; partial rotation of the bone being unaccompanied by any 
hinge^like or anl^ro-posterior motion of its head, and pronation and supination occurring with- 
out disturbance to the parallelism of the bones at the superior radio-ulnar joint. Associated 
with this rotation in the ordinarj- way, there is some rotation ot the humero-ulnar shaft, which 
causes lateral shifting of the band from aide to side; thus, with pronation there is some abduc- 
tion, and with supination some adduction combined, so that the hand can keep on the same 
superficies in both pronation and supination. The power of supination in man is much greater 
than pronation, owmg to the immense power and leverage obtained by the curve of the radius, 
and by the attachment of the biceps tendon to the back of the tuberosity. For this reason all 
our screw-driving and boring tools are made to be used by supination movements. 

In the undissected state, the amount of rotation it is possible to obtain is about 135°, bo 
tliat neither the palm nor the fore part of the lower end of the radius can be turned completely 
in opposite directions: yet in the living subject this amount can be greatly increased by rotation 
of the humero-ulnar shaft at the shoulder-joint. 

Pronation is checked in the living subject by (a) the posterior inferior radio-ulnar ligament, 
which is strengthened by the connection of the sheath of the extensor tendons with it; (b) the 
lowermost fibi«s of the interosseous membrane; (e) the back part of the ulnar collateral and 
adjacent fibres of the posterior ligament of the wrist, and (d) the meeting of the soft parta on 
the front of the forearm, 

Supination is checked mainly (a) by the medial ulnar collateral ligaments of the wrist, but 
partly also by (b) the oblique cord; (c) the anterior inferior radio-ulnar Ugament, and (d) the 
lowest fibres of the interosseous membrane. 

The interosseous membrane serves, from the direction of its fibres downward and medially 
from the radius to the ulna, to transmit the weight of the body from the ulna to the radius in 
the extended position of the elbow, as in pushing forward with the arms ertended, or in support- 
ing one's own weight on the hands, the ulna being in intimate contact with the humerus, but 
not at all with the carpus; while the area of contact of the radius with the humerus is small, 
and that of the radius with the carpus lar^e. Hence the weight transmitted bv the ulna is 
communicated to the radius by the tightening of the interosseous membrane. Conversely, in 
tails upon the hand with the arm extended, the interosseous membrane acts as a sling to break 
the violence of the shock, and prevents the whole force of the impact from expending itself 
directly upon the capitulum. 

Muscles which act upon the radio-ulnar joints. — Pronalort. — Pronator teres, pronator 
quadratuB, flexor carpi radialis, palmaris longus, 

SupinaloTn. — ^Biceps, supinator, extensor pollieis longus. 

The brachio-radialis is cbieflv a flexor of the elbow-joint, but it takes i>art in the initiation 
d the movement of supination wnen the hand is fully pronated and of pronation when the hand 
ia Eully suplnated. 

6. THE RADIO-CARPAL OR WRIST JOINT 



Class. — Diarlkrosis. 



Subdivision. — Condylarthrosia. 



The wrist-joint is formed by the union of the radius and articular disc above, 
articulating with the navicular, lunate, and triquetral bones below; the ulna 
being excluded by the intervention of the articular disc. The radius and disc 
together present a smooth surface, slightly concave both from before backward, 
and from side to side, whilst the three bones of the carpus present a smooth, 
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ivex surface, made uniformly even by the interosseous ligame 
em together. 

The capsule of the wrist-joint has been usually described as fou 
lents, and it will be convenient for the sake of a complete descri 
lis method; but it must be imderstood that these four portions 
round the joint, extending from styloid process to styloid proci 



The four portions are: — 

Volar radio-carpal. Ulnar coUatere 

Dorsal radio-carpal. Radial collate! 

The volar (or anterior) radio-carpal (fig. 300) is a thick stron 
tached superiorly to the radius immediately above the anterior 
terminal articular facet, to the curved ridge at the root of the st; 
the radius, and to the anterior margin of the articular disc, blen< 
fibres of the capsule of the inferior radio-ulnar joint. It passes 
in a medial direction to be attached to both rows of carpal bones 
second, and to the volar intercarpal ligament. 

Fio. 300 — Anterior View of Weibt. 




Ubut colUlanl Ilea- 
SUDt of wriit 
Pluor cajpi ' 



The BtraageHt and most oblique fibres arise from the root of the stylo 
and paas obliquely over the navicular, with which only a few fibres are c 
into the lunate, capitate, and triquetral bones. Another set, less oblique 
of the facet for the lunate to be attached to the adjacent parts of the ct 
queti^ bones. Between the two seta of fibres, small vetiscls pass into 

The dorsal (or posterior) radio-carpal ligament (fig. 3C 
to the dorsal edge of the lower end of the radius, the back ' 
and the posterior margin of the fibro-cartilagc. It passe 
medial direction to be connected with the first row of thi 
with the lunate and triquetral, and the dorsal int«rc 
ligament is thin and membranous. 

It ia strengthened by (i) strong fibres passing from the back 
theyareblendea with the poaterior inferior radio-ulnar liKamenl, am 
just behind the ulnar notcfi, to the triquetral bone; (ii) fruni the riiig 
pollicis longuB to the back of the lunate and triquetral bones; and 
radial extensors to the back of the navicular and lunate. It is in re' 
by, the ext«nM>r tendons which pass over it. 

The ulnar collateral ligament (fig. .301) is f.in-s^hapci 
the styloid process of the ulna, to which it is attuchcii < 



THE WRIST-JOINT 267 

the apex of the articular disc. Some of the fibres pass forward and laterally to 
the base of the pisiform bone and to the medial part of the upper border of the 
transverse carpal ligament, where it is attached to the pisiform bone; they form 
a thick, rounded fasciculus on the front of the wrist. Other fibres descend 
vertically to the medial side of the triquetral bone, and others again laterally to 
the dorsal surface of the triquetral. The tendon of the extensor carpi -ulnaris is 
posterior to, and passes over, part of the fibres of the ligament. 

The radial collateral ligament (fig. 300) consists of fibres which radiate from 
the fore part and tip of the styloid process of the radius. Some pass downward 
and medially, in front, to the navicular and adjacent edge of the capitate; some 
downward, a little forward and medially, to the tubercle of the navicular and 
ridge of the greater multangular; and others downward and laterally to the 
rough dorsal surface of the navicular. 

The fibres of this li^unent are not so bng and strong, nor do tbey radiate so much aa tboM 
of the uhiar collateral bgament. It is in relation with the radial artery, and the tAditdor piMUii 
lonffu* {txtenaor oetit metacarpi poUicii) and exlenwr poUidt brevis, the arta; separating the 
tendoDfl from the ligament. 
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The synovial membrane is extensive, but does not usually communicate with 
the synovial membrane of the inferior radio-ulnar joint, being shut out by the 
articular disc. It is also excluded, in almost every instance, from that of 
the carpal joints by the interosseous ligaments between the first row of carpal 
bones. The styloid process of the radius is cartilage-covered medially, and 
forms part of the articular cavity, while that of the ulna does not. 

The arterial supply is derived from the anterior and posterior carpal rami, the dorsal 
division of the volar interosseous, and from twi^a direct from the radial and ulnar arteries. 

The nerve-supply is derived from the ulnar and median in front, and the deep branch of 
the radial (posterior interosseous) behind, 

Relatioas. — In front of the radio-carpal joiat are the tendons of the flexor muscles of the 
wrist and fingers, the synovial sheaths associated with them, the radial and uhiar arteries, and 
the median and ulnar nerves. 

Behind the joint are the majority of the tendons of the extensor muscles of the wrist and 
fingers, with their synovial sheaths, the terminal part of the anterior and posterior interosseous 
arteries, and the deep branch of the radial nerve (posterior interoeaeous). On the radial side 
lie the tendons of the abductor poUicia longus (exlcnsor ossia melaraTjn poUieis) and the extensor 
pollicis brevis. On the ulnar side the jomt is subcutaneous and it is crossed by the dorsal 
cutaneous branch of the ulnar nerve. 

Hovements. — The wrist is a condyloid joint, the carpus forming the condyle. It allows 
of movements upon a transverse axis, i. e., flexion and extension; and around an antero-po»- 
terior axis, i. e., abduction and adduction; together with a combination of these in quick succes- 
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cumduction. lAcking only rotation on a vertical axis, it thug poegei 
ata of a ball-and-oocket joint, without the weakness and liability to d 
liar to tbeM joints. Thia deficiency of rotation is compeneated for by 
adiiu at the radio-uloar joints, vie., supination and pronation. Its si 
Ipon the number of tendons which pass over it, and the close connect 
1 the fibrous tissue of their sheaths and the capsule of the wrist; also upc 
medio-carpal and carpo-roetacarpal joints, which permits ahocke and ji 
itributed between them; another source of strength la the absence of any 1 



ligament and dorsal portions of the collateral) extension by the volar, t 
' CMlater&l ligaments. In adduction and abduction the carpal bones glidi 
1 radial side and from the radial to the ulnar aide, respectively. Abductioi 
adduction, and is obeoked by the ulnar collateral l^»ment and bv conta' 
saa of the radius with the greater multangular; adduction is checked by the 
□ent alone. One reason for adduction being more free than abduction is th 

Fia. 302. — Front or Wbist with Tbansvxbbe Cabfal Lioame 




lot reach so low down as the radius, and the yielding articular disc allow 
ipward of the ulnar end of the carpus. In circumduction the hand mc 
«ne, the apex of which is at the wrist. These movements arc made n- 
>y the slight glidiuR of the carpal bones upon one another, and the cor 
it Uie medio-carpal joint. The oblique direction of the fibres of the c 
'ent» any rotation at the radio-carp^ joint, while it permits considerat 
ind adduction. 
Hnsdea wh 

lie long flexors of the finge 

KWa of the carpus and fingers. Abductors. — Extensor carpi radialis 
icis longus (extensor ossis metacarpi pollicis. A ddticfors.— Flexor ct 

7. THE CARPAL JOINTS 

The joints of the carpus may be subdivided into— 

(a) The joints of tlie first row. 

(b) The joints of the second row. 

(c) The medio-carpal, or junction of the two rows 
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(a) The Joints op the Fibbt Row op Carpal Bones 
Class. — Diarihrosis. Subdivision. — Arthrodia. 

The bones of the first row, the pisiform excepted, are united by two sets of 
ligaments and two interosseous fibro-cartilages. 



Their posterior flurfacea tin 
in contACt with the posterior ligament of the wriat. 

The two volar intercarpal li^unentB extend nearly transverBely between the bonea conneot- 
ing the navicular with the lunate, and the lunate with the triquetral. They are stranger than 
the doraal ligaments, and are placed beneath the anterior UgaineDt of the wrist. 

The two interoaaeouB intercarpal ligaments (fig. 304) are interposed between the navicular 
and tunate, and the lunate and triquetnil bones, reaching from the dorsal to the volar surfaces, 

Pio. 303. — PosTBBiOR Vrew or the Wbibt, with Capbulb cut to show Asticui^r Sdbtaces. 
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and being connected with the dorsal and volar ligaments. They are narrow fibro-cartilana 
which ext«nd between small portions only of the obhcous aurfaces. They help to form the 
convex carpal surface of the radio-carpal joint, and are somewhat wedg&«haped, their bases 
b^g toward the wrist, and their thin edges between the adiacentarticularsurfacesofUie bones. 

The B]movial membrane is a prolongation from that of the medio-carpal joint. 

The arterial and nerve -auppUes are the same as for the medio-carpal joint. 

The Joint of the Pisiform Bone with the Tbiqubtral 

This is an arthrodial joint which has a loose fibrous capsule attached to both 
the pisiform and triquetral bones just beyond the maitfins of their articular 
surfaces. 

It is lined by a separate synovia] membrane. Two strong rounded or flattened bands pass 
downward from the pisif onn, one to the process of the hamate [Ug. piBohamatum), and the 
other [lig. pisometacarpeuml tb the bases of the third to fifth metacan>alB; these are reguded as 
prolongatioDB of the tendon of the flexor carpi ulnaris, and the pisiform bone may be looked 
upon in the light of a sesamoid bone developed in that tendon. 

(6) The Joints of the Second Row of Carpal Bones 

Class. — Diartkrosia. Subdivision. — Arthrodia. 

The four bones of this row are united by three dorsal, three palmar, and three 
interosseous ligaments. 
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The three dorsal ligaments (fig. 303) extend transversely and connect the greater with the 

r multangular, the lesser multangular with the capitate, and the capitate with the hamate. 

The three volar ligaments are stronger than the dorsal, and are deeply placed beneftth the 

is of flexor tendons; they extend transversely between the bones in a sunilar manner to the 

sal ligaments. 

Three interosseous ligaments connect the bones of the lower row of the carpus together; 
ro are connected with the capitate, one uniting it with the hamate (fig. 304) and Uie other 
iding it to the lesser multanp;ular. The third ligament joins the greater and lesser multanguUr. 
The synovial membrane is a prolongation of that lining the medio-carpal joint. 
The arterial and nerve-supplies are the same as for the medio-carpal joint. 

c) The Medio-carpal Joint, or the Union of the Two Rows of'thb Carpub 

WITH EACH OTHER 

(I) Class. — Dtarthro»i8. Subdivision. — Arthrodia. 

(II) Class. — Diarihrosis. Subdivision. — Condylarthrosia. 

The inferior surfaces of the bones of the first row are adapted to the superior 
articular surfaces of the bones of the second row. The line of this articulation is 
concavo-convex from side to side, and is sometimes described as having the course 
of a Roman S placed horizontally, co , a resemblance by no means strained, (i) 
The lateral part of the first row consists of the navicular alone; it is convex, and 
bears the greater and lesser multangulars. (ii) Then follows a transversely 
elongated socket formed by the medial part of the navicular, the lunate, and 
triquetral, into which are received — (a) the head of the capitate, which articulates 
with the navicular and lunate; (6) the upper and lateral angle of the hamate, which 
articulates with the navicular; and (c) the upper convex portion of the medial 
surface of the hamate, which articulates with the lateral and concave portion of 
the inferior surface of the triquetral, (iii) The medial part of the inferior sur- 
face of the triquetral bone is convex, and turned a little backward to fit into the 
lower portion of the medial surface of the hamate, which is a little concave and 
turned forward to receive it. The central part, which forms a socket for the capi- 
tate and hamate, has somewhat the character of a condyloid joint, the capitate 
and hamate being the condyle, to fit into the cavity formed by the navicular, 
lunate, and triquetral; the other portions are typically arthrodial. The liga- 
ments are: — (1) radiate or anterior medio-carpal; (2) posterior medio-carpal; 
(3) transverse dorsaL 

The radiate, anterior or volar medio-carpal is a ligament of considerable Btren{;th, consisting 
mostly of fibres which radiate from the capitate to the navicular, lunate, and triquetral; some 
few fibres connect the greater and lesser multangular with the navicular, and otherspass between 
the hamate and triquetral. It is covered over and thickened bv fibrous tissue denved from the 
sheaths of the flexor tendons and the fibres of origin of the small muscles of the thumb and little 
finger. 

The posterior or dorsal medio-carpal ligament, consists of fibres passing obliquely from the 
bones of the first row to those of the second. It is stronger on the ulnar side than on the radial, 
but is not so strong as the volar ligament. 

The transverse dorsal ligament (fig. 303) is an additional band, well marked and often of 
considerable strength, which passes across the head of the capitate from the navicular to the 
triquetral bone; besides binding down the head of the capitate, it serves to fix the upper and lat- 
eral angle of the hamate in the socket formed by the first row. 

The dorsal ligaments, like the volar, are strengthened by a quantity of fibrous tissue belong- 
ing to the sheaths of the extensor tendons, and by an extension of some of the fibres of the capsule 
of the wrist. There are no proper collateral medio-carpal ligaments; they are but prolongations 
of the collateral ligaments of tne wrist. 

The synovial membrane (fig. 304) of the carpus is common to all the joints of the carpus, 
and extends to the bases of the four medial metacarpal bones. Thus, besides linine the inter- or 
medio-carpal joint, it sends two processes upward between the three bones of the mrst row. and 
three downward between the contiguous surfaces of the lesser and greater multangular, the lesser 
multangular and capitate, and capitate and hamate. From these latter, prolongations extend 
to the four medial carpo-metacarpal joints and the three intermetacarpal joints. 

The arterial supply is derived from — (a) the volar and dorsal carpal rami of the radial 
and ulnar arteries; (p) the carpal branch of the volar interosseous; (c) the recurrent branches 
from the deep palmar arch. The terminal twigs of the volar and dorsal interosseous arteries 
supply the joint on its dorsal aspect. 

The nerve-supply comes from the ulnar on the ulnar side, the median on the radial side, and 
the deep branch of the radial (posterior interosseous) behinn. 

Relations. — ^The relations of this joint are practically the same as those of the radio-carpal 
joint, except that the flexor carpi ulnaris docs not cross the front, the ulnar artery is separated 
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f tnra it by the transverse carpal ligament, and the radial artery passes across ils lateral border 
instead of in front. 

The mOTsmentB of the carpal articulations between bones of the same row are very limited 
and consist only of slight gjiding upon one another; but, slight as they are, they give elasticity 
to the c&rpua to breaJc the jars and shocks which result from blows or falls upon the hand. 

The movements of one row of bones upon the other at the medio-caipal, joint are. more 
extensive, especially in the direction of flexion and extension, so that the band enjoys a greater 
range of these movements than is permitted at the wrist-joint alone. At the wrifit, extension J8 
more free than flexionj but this is Dalanced by the greater freedom of flexion than of extension 
&t tbe medio-Kuirpsl iomt, and by flexion at the carpo-metacarpal joint, so that on the wholeI.the 
range of flexion of the hand is greater than that ol extension. 



Fio. 304. — Synovial Membranes op Wrist, Hand, and Finobrs. 




A alight amount of side to side motion accompanied by a limited degree of rotation also 
takes place; this rotation consists m the head of the capitate and the superior and lateral angle 
of tbe namate bone rotating m the socket formed by the three bones of the upper row, and in a 
gliding forward and backward of the greater and lesser multangular upon the navicular. 

In addition to the ligaments, the undulating outline and the variety of shapes of the apposed 
facets render this joint very si 

atoi ... ._ . . 

down to their insertion into tbe base of the metacarpus, for they produce the combined enect 
of motionateachof the three transverse articulations: — (1) at the wrist; (2) at tbemedio-carpal; 
(3) at the corpo-metacarpal joints. 

Husdes which act upon the mid-carpal joint. — The muscles which act upon this joint are 
the same as those which act upon the radio-carpal joint, except tbe flexor carpi ulnaris, which is 
inserted into tbe pisiform bone. 
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8. THE CARPO-METACARPAL JOINTS 

These may be divided into two sets, namely: — 

(a) The carpo-metacarpal joints of the four medial fingers. 

(b) The carpo-metacarpal joints of the tiitmib. 

The inferior surfaces of the bones of the second row of the carpus present a 
composite surface for the four medial metacarpal bones; the greater multangular 
presents in addition a distinct and separate saddle-shaped surface for the base of 
the metacarpal bone of the thumb. 

(a) The Four Medial Carpo-metacarpal Joints 

Class. — Diarthrosis. Subdivision. — Arthrodia. 

These joints exist between the greater and lesser multangular, capitate, and 
hamate bones above, and the four medial metacarpal bones below. The liga- 
ments which unite them are, dorsal, volar, and interosseous. 

Hie dorsal ligaments (fig. 303). — Three dorsal ligaments pass to the second metacarpal 
bone: one from each of the carpal bones with which it articulates, viz., the greater and lesser 
multangular, and capitate. Two dorsal bands pass from the capitate to the third metacarpal 
bone. Two dorsal bands pass to the fourth bone: viz., one from the hamate, and another from 
the capitate; the latter is sometimes wanting. The fifth bone has only one band passing to it 
from the hamate. 

The volar ligaments (fig. 300). — One strong band passes from the second metacarpal bone 
to the greater multangular medial to the ridge for the transverse carp^ ligament; it is covoed 
by the sheath of the jUxor carpi radialis. 

Three bands pass from the third metacarpal: one laterally to the greater multangular, a 
middle one upward to the capitate, and a third medially over the fourth to reach the fiftn meta- 
carpal and the hamate bones. 

One ligament connects the fourth bone to the hamate. 

One ligament connects the fifth bone to the hamate, the fibres extending medially, and con- 
necting the dorsal and volar ligaments. The ligament to the fifth bone is strengthened in front 
by the prolonged fibres of the flexor carpi ulnaris and the strong medial slip of the ligament of 
the third metacarpal bone; and posteriorly, b}r the tendon of the extensor carpi ulnarU, 

The interosseous ligament (ng. 304) is limited to one part of the articulation, and consista 
of short fibres connecting the contiguous angles of the hamate and capitate with the third and 
fourth metacarpal bones toward their volar aspect. There is, however, a thick strong ligament 
connecting the edge of the greater multangular with the lateral border of the base of the second 
metacarpal bone; it helps to separate the carpo-metacarpal joint of the thumb from the common 
carpo-metacarpal joint, and to close in the radial side of the latter joint. 

The 8]movial membrane is a continuation of the medio-carpal joint; occasionallv there is 
a separate membrane between the hamate and fourth and fifth metacarpal bones {n^. 304); 
while that between the fourth and capitate is lined bv the synovial sac of the common joint. 

The arteries to the four medial carpo-metacarpal joints are as follows: — 

(1) For the index finger: twigs are supplied by the trunk of the radial on the dorsal and volar 
aspects, and by the dorsal and volar metacarpal branches. 

(2) For the middle finger: the first dorsal metacarpal by the branch which passes upward 
to join the dorsal carpal arch, and a branch from the deep volar arch which joins tne volar carpal 
arch. 

(3) For the ring finger: the deep volar arch and recurrent twigs from the second dorsal 
metacarpal in the same manner as for the middle finger. 

(4) For the little finger: the ulnar and its deep branch; also twigs from the second dorsal 
metacarpal. 

The nerves are supplied to these joints bv the deep volar branch of the ulnar, the deep branch 
of the radial (posterior interosseous), and the median. 

Relations. — In front of the four medial carpo-metacarpal joints are the flexors of the 
fingers with their synovial sheath. The flexor carpi radialis crossing in front of the lateral part 
of the joint and the flbres of the obliaue adductor poUicis which spring from the capitate and 
lesser multangular are also anterior relations. Behind the joints are the extensors of the wrist 
and fin^rs with their synovial sheaths and the dorsal metacarpal arteries. At the lateral border 
of the joints between the index and lesser multangular lies the radial artery. 

The movements permitted at these joints, though slight, serve to increase those of the 
medio-carpal and wrist- joints. The joint between the fifth metacarpal and the hamate bones 
approaches somewhat in shape and mobility the first carpo-metacarpal joiat; it has a greater 
range of flexion and extension, but its side to side movement is nearly as limited as that of the 
tlun^ other metacarpal bones; the process of the hamate bone limits its flexion. Motion toward 
the ulnar side is checked by the strong palmar band which unites the base of the fifth meta- 
carpal to the base of the third, and the strong transverse ligament at the head of the bonee. 
The mobility of the second, third, and fourth metacarpal bones is very limited, and consists 
almost entirely of a sUght gliding upon the carpal bones, i. e., flexion and extension; that of the 
third and fourth bones is extremely slight, as there is no long flexor attached to either; but, 
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mtng to the close connection of the bases of the metacarpal bones, the radial and ulnar flexors 
Wd exteDsors of the carpus act on all by their pull on the particular bone into which they are 
Mnserted. 

Abduction, or movement toward the radial aide, is prevented by the impaction of the second 
bone a^inst the greater multangular; a little adduction is pemutted, and is favoured by the 
slope uven to the hamate and fifth metacarpal bones. 
I There is also a slight gliding between the fourth and fifth bones, when the concavity they 

^m present toward the palm is deepened to form the 'cup of Diojienes.' 

^L HuBcles which act upon the four medial t:arpo -metacarpal joints are the flexora and ex- 
^Ktenaors of the wrist and fingers, except the flexor carpi ulnaris. 

F 



I ■ 
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(6) The Carpo-mbtacabpal Joint of the Thiimb 
(Class. — Diarthrosia. Subdivision. — Saddle-shaped Arlkrodia. 

The bones entering into this joint are the base of the first metacarpal and the 
greater multangular. The first metacarpal bone diverges from the other four, 
contrasting very strongly with the position of the great toe. It is due to this 
divergence that the thumb is able to be opposed to each and all the fLngers. 
The Ugament which unites the bones is the 

Articular capsule. 

The articular capsule (figs. 300 and 301) consists of fibres which pass from 
the margin of the articular facet on the greater multangular, to the margin of 
the articular facet at the base of the first metacarpal bone. 

The fibres are stronger on the dorsal than on the palmar aspect. They are not tense 
enough to hold the bones in close contact, so that while tliey reetrici they do not prevent motion 
in any direction. The medial fibres are stronger than the lateral. 

The aynovial membrane is lax, and distinct from the other synovial membranes of the 
carpus. 

The arteries of the carpo-metacarpal joint of the thumb are derived from the trunk of the 
radial, the first volar metacarpal, and the dorsalis pollicis. 

The nerves are suppUed by the branches of the median to the thumb. 

Relations.— Behind are the long and short extensor tendons of the thumb, and behind 

lUid laterally the tendon of the abductor pollicis longus (extensor oasts metacarpi pollicis). 

'^e tendon of the flexor pollicis longus is in front and fibres of the flexor polhcis brevis and op- 

inene poUicis muscles are also anterior relations. To the medial side is the radial artery aa 

passes forward into the palm of the hand. 

The movements of this joint are regulated by the shape of the articular surfaces, rather 
than by the ligaments, and consist of flexion, extension, abduction, adduction, and circum- 
duction, but not rotation. In flexion and extension the metacarpal bone slides to and fro upon 
the multangular; in abduction and adduction it slides from side to side or, more correctly, re- 
volves upon the antero-poslerior axis of the joint. The power of opposing the thumb to any 
of the fingers is due to the forward and medul obliquity of its flexion movement, which is by 
far its most extensive motion. Abduction is very free, whUe adduction is limited on account 
of the proximity of the second metacarpal bone. The movement of the greater multangular 
upton the rest of the corpus somewhat increases the range of all iho movements of the thumb. 

Husdes which act upon the carpo-metacarpal joint of the thumb. ^Ptezorj. — Flexor 
pollicis brevis, flexor pollicis lon^s, opponens polucis. Extensors. — Extensores pollicis brevia 
»nd longus and abductor pollicis longus. Abduttore. — Abductori>e pollicis longus and brevis. 
Addueton. — The transverse and oblique adductor pollicis. opponens, first dorsal inlerosseoua. 
MuKit* producing oppoiifton, —Opponens. flexor brevis, oblique adductor. 
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C)zss.— Diarthrosia- Subdivision. — Arlhrodia. 

The metacarpal of the thumb is not connected with any other metacarpal 

I bone. The second, third, fourth, and fifth metacarpal bones are in actual 

I contact at their bases, and are held firmly together by the following ligaments 

1 (in addition to the articular capsule) : — 

Dorsal. Volar. 

Interosseous ligaments. 

The dorsal ligaments (fig. 302) are layers of variable thickness of stronR, short fibres, which 

M transversely from bone to bone, filling up the irregularities on the dorsal surfaces. 

The volar ligaments are transverse layers of ligamentous tissue passing from bone to bone; 

lliey cannot be well diilcreniiated from the other ligaments and fibrous tissue covering the bones. 

The interosseous ligaments (fig, 304) pass between the apposed surfaces of the bones, and 

C attached lo Ihe distal aides of the articular facets, so as to close in the synovial w "' 
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this aspect; where there are two iirticular facets, the fibres extend upward between them Mtulj 
as (ar as their carpal facets. That between the fourth and fifth is the weakest. 

The synovial membrane is prolonged downward from the common catpaJ sac. 

The arteries to the intermetacarpal jointa are twigs from the volar and dorsal metacsipal 
arteries; the twip pass upward between the interosseous muscles. 

Tbenervesarederlveafroffl the ulnar and the deep branch of radial (posterior in teroaseoiu). 

The Union or tbb Heads of the Metacarpal Bones 
The distal eitremitieB of these bones are connected tosether on their palmar aspects hf 
what is called the transverse ligament [hg. capituiorum]. This consists of three short bsixu 
of fibrous tissue, which unite the second and third, third and fourth, and the fourth and fifth 
bones. They are rather more than 6 mm. (i in.) deep, and rather less in width, and limit the 
distance to which the metacarpal bones can be separated. They are continuous above with tht 
fascia covering the interosseous muscles; below, they are connected with the subcutsDeoui 
tissue of the web of the hand. They are on a level with the front surface of the bones, and tn 
blended on either side with the edges of the glenoid ligament in front, with the lateral liganenti 
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brical muscle passes with the digital arteries and nerves; while behind, the inUroitei musclss 
pass to their insertions. 

10. THE METACARPO-PHALANGEAL JOINTS 

(a) The Metacahpo-phalangeal Joints op the Fotm Medial Finqbbs 

Class. — Diarthrosis. Subdivision. — Condylartkroaia. 

Id these joints the cup-shaped extremity of the base of the first phalaox fits 

on to the rounded head of the metacarpal bone, and is united by the following 

ligaments (in addition to the articular capsule) : — 

Collateral. Volar accessory. 

The volar accessory (or glenoid) ligament (fig. 306) is a fibro-cartitaginous plate which 
seems more intended to increase the depth of the phalangeal articular facet in front, than ta 
unite the two bones. It is much more firmly attached to the margin of the phalanx than to the 
metacarpal bone, being only loosely connected with the palmar surface of^the latter bf soiM 
loose areolar tissue which covers in the synovial membrane, here prolonged some Uttle diBtancA 
upoa the aartace of the bone. At the sides, it is connected with the collateral ligaments and tho 
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tnuiBverse metacarpal ligament. It corresponds to the sesamoid bones of the thumb; a sesa- 
moid bone sometimes exists at the medial border of the joint of the little finger. 

The collateral ligaments (304 and 305) are strong and firmly connect the bones with one 
another; each is attached above to the corresponding tubercle, and to a depression in front 
of the tubercle, of the metacarpal bone. From this point the fibres spread widely as they de- 
scend on either side of the base of the phalanx; the anterior fibres are connected with the glenoid 
ligament; the posterior blend with the tendinous expansion at the back of the joint. 

The joint is covered in posteriorly by the expansion of the extensor tendon, and some loose 
areolar tissue passing from its imder surface to the bones (fig. 305). 

The s^ovial membrane is loose and capacious, and invests the inner surface of the liga- 
ments which connect the bones. 

The arteries come from the digital or volar metacarpal vessels of the deep arch. 

The nerves are derived from the digital branches, or from twigs of the branches of the ulnar 
to the interosseous muscles. 

Relations. — I. The metacarpo-phalangeal joints of the middle three di^ts. In front, 
the tendons of the flexor profundus and flexor sublimis digitorum. On the radial side, a lum- 
brical, an interosseous muscle, and digital nerves and vessels; on the ulnar side, an interosseous 
muscle and digital vessels and nerves. Behind, the common extensor tendon and in the case 
of the index digit the tendon of the extensor indicis. 

n. The metacarpo-phalangeal joint of the little finger. In front, the flexor quinti digiti 
brevis and the tendons of the flexor profundus and sublimis digitorum muscle which go to 
this digit. Behind, the extensor digiti quinti to a slip of the extensor digitorum communis 
sometimes. On the radial side, a lumbrical, the third palmar interosseous muscle, digital ves- 
sels and nerves. On the ulnar side, digital vessels and nerves. 

The movements permitted at these joints are flexion, extension, abduction, adduction, and 
circumduction. Flexion is the most free of aU and may be continued until the phak nx is at 
a risiit angle with the metacarpal bone. It is on this account that the ulicular surface of the 
heaa of the bone is prolonged so much further on the palmar aspect, and that the synovial 
membrane is here so loose and ample. Extension is the most limited of the movements, and can 
only be carried to a little bevond the straight line. Abduction and adduction are fairly free, 
but not so free as flexion. Flexion is associated with adduction, and extension with abduction. 
Hiis may be proved by opening the hand, when the fingers involuntarily separate as they 
extend, while in closing the fist thev come together again. The free abduction, adduction, and 
circumduction which are permitted at these joints are due to the fact that the long axes of the 
articular facets are at right angles to one another. 

Muscles acting on the middle three digits. — Flexors. — Flexor digitorum profundus, flexor 
digitonun sublimis. Extensors. — Extensor digitorum communis and on the index digit the 
extensor indicis. Abductors. — Dorsal interossei. Adductors. — Volar interossei. 

Muscles acting on the metacarpo-phalaneeal joint of the little finger. — Flexors. — Flexor 
quinti digiti brevis, flexor digitorum sublimis, flexor digitorum profundus. Extensors. — Exten- 
sor digitorum communis, extensor quinti digiti. Abductor. — Abductor quinti digiti. Adductor. 
— ^Thml volar interosseous. 

(6) The Metacarpo-phalangeal Joint op the Thumb 

Class. — Diarthrosis. Subdivision. — Condylarthrosis. 

The head of the metacarpal bone of the thumb differs considerably from the 
corresponding ends of the metacarpal bones of the fingers. It is less convex, wider 
from side to side, the palmar edge of the articular surface is raised and irregular, 
and here on either side of the median line are the two facets for the sesamoid 
bones. The base of the first phalanx of the thumb, too, is more like the base of 
the second phalanx of one of the other fingers. The ligaments are: — 

C ollateral . Dorsal . 

Articular capsule. 

The collateral ligaments are short, strong bands of fibres, which radiate from depressions 
on either side of the head of the metacarpal bone to the base of the first phalanx and sesamoid 
bones. As they descend they pass a little forward, so that the greater number are inserted in 
front of the centre of motion. 

The dorsal ligament consists of scattered fibres which pass across the joint from one col- 
lateral ligament to the other, completing the articular capsule and protecting the synovial sac. 

The sesamoid bones are two in number, situated on either side of the middle line, and con- 
nected together by strong transverse fibres which form the floor of the groove for the long 
flexor tendon; they are connected with the base of the phalanx and head of the metacarpal bone 
by strong fibres. Anteriorly they give attachment to the short muscles of the thumb, and pos- 
teriorly are smooth for the purpose of gliding over the facets. The collateral ligaments are partly 
inserted into their sides. 

The arteries and nerves come from the digital branches of the thumb. 

Relations. — Of the metacarpo-phalangeal joint of the thumb: In front and externally 
abductor poUicis brevis and superficial head of flexor pollicis brevis. In front and medially 
oblique and transverse adductors and deep head of flexor pollicis brevis. Directly in front 
flexor pollicis longus and terminal branches of first volar metacarpal arter>'. Behind, extensor 
pollicis brevis and longus tendons. On either side, the dorsal digital vessels and the digital 
nerves. 
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The moTements are chiefly flexion and extension, verv little side to side movement bdng 
permitted, and that only when the joint is slightly bent. Thus this joint more nearly approaches 
the simple hinge character than the corresponding articulations of the fingers. The thumb 
gets its freedom of motion at the carpo-metacarpal joint; the fingers ^t theirs at the meta- 
oarpo-phalangeal, but they are not endowed with so much freedom as tne thumb enjoys. 

Muscles which act upon the metacarpo-phalangeal joint of the thumb. — Flexors. — Flexor 

{>ollicis brevis, flexor poUicis longus. ^x^en^ors.— -Extensor poUicis brevis, extensor poUicis 
ongus. 

11. THE INTERPHALANGEAL ARTICULATIONS 

Class. — Diarthrosis. Subdivision. — Ginglymus . 

The ligaments which unite the phalanges of the thumb and of the fingers are 
(in addition to the articular capsule) : — 

Accessory volar. Collateral. 

The accessory volar (or glenoid) ligament (fig. 305), sometimes called the sesamoid body, 
is very firmly connected with the base of the distal bone, and loosely, by means of fibro-areolar 
tissue, with the head of the proximal one. It blends with the collateral ligaments at the sides, 
and over it pass the flexor tendons. Occasionally a sesamoid bone is developed in the cartilage 
of the interphalan^eal joint of the thumb. 

The collateral li{;ament8 (figs. 304 and 305) are strong bands which are attached to the rough 
depressions on the sides of the upper phalanx, and to the projecting margins of the lower phalanx 
of each joint. They are tense m every position, and entirely prevent any side to side motion; 
they are connected posteriorly with the expansion of the extensor tendon. 

Dorsally (fig. 305) the joint is covered in by the deep surface of the extensor tendon, and a 
little fibro-areolar tissue extends from the tendon, and thickens the posterior portion of the 
synovial sac, completing the articular capsule. 

The synovial membrane is loose and ample, and extends upward a little way along the shaft 
of the proximal bone. 

The arteries and nerves come from their reRpectivc digital branches. 

The relations of the interphalangeal joints are the flexor and extensor tendons and the 
digital vessels and nerves. 

The movements are limited to flexion and extension. Flexion is more free, and can be 
continued till one bone is at a right angle to the other, and is most free at the junction of the 
first and second bones; the second phalanx can be flexed on the first through 110* to 115* when 
the latter is not flexed. The greater freedom of flexion is due to the ^eater extent of the articu- 
lar surface in front of the heads of the proximal bones^ and to the direction of the fibres of the 
collateral ligaments, which pass a little forward to theu* insertion into the distal bone. 

The muscles which act upon the interphalangeal joints are the extensors and flexors of 
the digits. 

THE ARTICULATIONS OF THE LOWER LIMB 

The articulations of the lower limb are the following : — 

1. The hip-joint. 

2. The knee-joint. 

3. The tibio-fibular union. 

4. The ankle-joint. 

5. The tarsal joints. 

6. The tarso-metatarsal joints. 

7. The intermetatarsal joints. 

8. The metatarso-phalangeal joints. 

9. The interphalangeal joints. 

1. THE HIP^OINT 

Class. — Dia rthrosis . Subdivision. — Enarthradia . 

The hip is the most typical example of a ball-and-socket joint in the body, the 
round head of the femur being received into the cup-shaped cavity of the acetab- 
ulum. Both articular surfaces are coated with cartilage, that covering the head 
of the femur being thicker above where it has to bear the weight of the body, and 
thinning out to a mere edge below; the pit for the ligamentum teres is the only 
part uncoated, but the cartilage is somewhat heaped up around its margin. 
Covering the acetabulum, the cartilage is horseshoe-shaped, and thicker above 
than below, being deficient over the depression at the bottom of the acetabulum. 
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where a mass of fatty tissue — the so-called synovial or Haversian gland — is 
lodged. 

The ligaments of the joint are: — 

Articular capsule. Ligamentum teres. 

Transverse. Glenoid lip. 

The articular capsule is one of the strongest ligaments in the body, ■ It is 

large and somewhat loose, so that in every position of the body some portion of it 

is relaxed. At the pelvis it is attached, superiorly, to the base of the anterior 

inferior iliac spine; curving backward, it becomes blended with the deep surface 

of the reflected tendon of the redua femorie; posteriorly, it is attached a few 

millimetres from the acetabular rim; and below, to the upper edge of the groove 

between the acetabulum and tuberosity of the ischium. Thus it reach^ the 

Fia. 306. — Antebiob View or the Abticular Capbulk of the Hij^oint. 
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transverse ligament, being firmly blended with its outer surface, and frequently 
sends fibres beyond the notch to blend with tbe obturator membrane. Anteriorly 
it is attached to the pubis near the obturator notch, to the ilio-pectineal eminence 
and thence backward to the base of the inferior iliac spine. 

A thiD BtroDg stratum is Dven off from its superficial aspect behind; this extends beneath 
the gluteiu minimuH and Bmall rotators, to be attached above to the dorsum of the ilium highfir 
than the reflected tendon of the rectus, and posteriorly to the ilium and ischium nearly as far 
as the sciatic notch. As this expansion paaeee over the long tendon of the rtetui, the tendon 
may be described as being in part contained within the substance of the capsule. 

At the femur, the capsule is fixed to the anterior portion of the upper border 
of the great trochanter and to the cervical tubercle. Thence it runs down, 
the intertrochanteric line as far as the medial border of the femur,whereit is on alevel 
with the lower part of the lesser trochanter. It then runs upward and backward 
along an oblique line about 1.6 cm. (J in.) in front of the lesser trochanter, and con- 
tinues its ascent along the back of the neck nearly parallel to the intertrochanteric 
crest, and from 12 to 16 mm. (Jto^ in.) above it; finally, it passes along the medial 
side of the trochanteric fossa to reach the anterior superior angle of the great 
trochanter. 



THE ARTICULATIONS 



Superadded to the capsule, and considerably strengtheniBg it, are three auxil — 
iary bands, whose fibres are intimately blended with, and in fact form part of j^ 
the capsule, viz., the ilio-femoral, ischio-capsular, and pubo-capsular ligaments 

The ilio -femoral ligament (Gg. 306) is the longest, widest, and strongest of the bands 

It is of triangular shape, with the apex attached above to a curved line on the ilium immediately — 
below and behind the anterior inferior spine, and its base below to the anterior edge of tb^ 
peater trochanter and to the spiral tine as far as the medial border of the shaft. The tu^est ot— 
most lateral fibres are coarse, almost straight, and shorter than the rest; the most medial fibres 
are also thick and strongj but oblioue. This varying obliquity of the fibres, and their accumula- 
tion at the borders, exp^in why this band has been described as the Y-^iaped ligament; but it 

Fig. 307.- 




should be noted that the Y is inverted. About the centre of its base, near the femoral attach- 
ment, is an aperture transmitting an articular twig from the ascending branch of the external 
circumflex artery. 

The iachlo-capsular ligament (fig. 308) is formed of very strong fibres attached all along 
the upper border of the groove for the external obturator, and to the ischial margin of the ace- 
tabulum above the groove. The highest of these incline a little upward as they pass lat^^y 
to be fixed to the greater trochanter in front of the insertion of the piriformis tendon, while the 
other fibres curve more and more upward aa they pass laterally to their insertion at the innsr 
eideof the trochanteric fossa, blending with the insertion of the external rotator tendons. When 
the joint is in flexion, these fibres pass in nearly straight lines to their femoral attachment, and 
spread out uniformly over the head of the femur' but in extension they wind over the back of 
tne femur in a zonular manner [zona orbicularis], embracing the posterior aspect of the neck 
of the femur. 

The pubo-capsular (pectineo -femoral) band (fig. 306) is a distinct but narrow set of fibres 
which are individually less marked than the fibres of the other two bands; they are fixed above 
to the obturator crest and to the anterior border of the ilio-pectineal eminence, reaching as far 
down as the pubic end of the acetabular notch. Below, they reach the neck of the femur, and 
are fixed above and behind the lowermost fibres of the ilio-femoral band, with which they blend. 
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In thickness and strength the capsule varies greatly; thus, if two lines be 
drawn, one from the anterior inferior spine to the medial border of the femur near 
the lesser trochanter, and the other from the anterior part of the groove for the 



Fia. 308. — PoBTERioB View 
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external obturator to the trochanteric fossa, all the ligament between these lines 
on the lateral and upper aspects of the joint is very thicic and strong, while that 
below and to the medial side, except at the narrow pubo-capsular ligament, is 
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thin and weak, so that the head of the bone can be seen through it. The capsul?- 
ia thickest in the course of the ilio-femoral ligament, toward the lateral part of 
which it measures over 6 mm. (i in.). Between the ilio-femoral and ischio-cap— 
sular ligaments the capsule is very strong, and with it here, near the acetabulum, 
is incorporated the reflected tendon of the rectus, and here also a triangular band 
of flbres runs downward and forward to be attached by a narrow insertion to 
the ridge on the front border of the greater trochanter near the gluteus minimus 
(the iUo-trochanteric band) (fig. 308). 

The capsule u atrecKthened also at this pcint by a strong band from the under aurfacc of 
Ow duteuB minimus, and by the tendlno-trodunterlc band which pnwes down from the reflected 
tendon of the rectus to the vastus laterahs (extemus) (fig. 306). This is closely blended with 
the capsule near the lateral edge of the ilio-femoral ligament. 

The thinnest part of the capsule is between the puboM;ap8u]ar and ilio-femoral 
ligaments; this is sometimes perforated, allowing the bursa under the psoas to 
communicate with the joint. The capsule is also very thin at its attaclunent to 
the back of the femoral neck, and again opposite the acetabular notch. 

Fio. 310. — Hip-ioiNT AFTER Dividing ths Abticdlak Cafbule and DisABncuiiATiNa the 




The ligamentum teres (figs. 309 and 310) is an interarticular flat band which 
extends from the acetabular fossa to the head of the femur, and is usually alwut 
3.7 cm, (11 in.) long. It has two bony attachments, one on either side of the 
acetabular notch immediately below the articular cartilage, while intermediate 
fibres spring from the lower surface of the transverse ligament. The ischial 
portion is the stronger, and has several of its fibres arising outside the cavity, 
below and in connection with the origin of the transverse ligament, where it is 
also continuous with the capsule and periosteimi of the ischium. At the femur 
it is fixed to the front part of the depression on the head, and to the cartilage round 
the margin of the depression. 

It is covered by a prolongation of synovial membrane, which also covers the cushion of fat 
in the recess of the acetabulum^ the portion of the membrane reflected over the fatty tissue does 
not cling closely to the round bgament, but forms a triangular fold, the apex of which is at the 

The transverse ligament (fig. 311) passes across the acetabular notch and 
converts it into a foramen; it supports part of the glenoid fibro-cartilage, and is 
connected with the ligamentum teres and the capsule. It is composed of decus- 
sating fibres, which arise from the margin of the acetabulum on either side of 
the notch, those coming from the pubis being more superficial, and passing to form 
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the deep part of the ligament at the ischium, while those superficial at the ischium 
are deep at the pubis. It thuB completes the rim of the acetabulum. 

The glenoid Up (cotyloid fibro-cartilage) (figs. 309 and 310) is a yellowtsh- 
Thite structure, which deepens the acetabulum by surmountii^ its margin. It 




varies in strength and thickness, but is stronger at its iliac and ischial portions 
than elsewhere. Its base is broad and fixed to the bony rim as well as to the 
articular cartilage of the acetabulum on the inner, and the periosteum on the 
outer, side of it, and blends inseparably with the transverse ligament which 
supports it over the acetabular notch. 




Ita free marfciD is thin ; on section it is somewhat limated, having ita outer surface convex and 
its articular face concave and very amooth in adaptation to the head of the bone, which it 
tightly embraces a httle beyond its oreatest circumference. It somewhat contracts the aper- 
ture m the acetabulum, and retains the head of the femur within ita graep after division of the 
muscles and capsular ligament. It is covered on both aspects by synovial membrane. 
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The synovial membrane tines the capsule and both surfaces of the glenoid 
lip, and passes over the border of the acetabulum to reach and cover the fatty 
cushion it contains. The part covering the fatty cushion is unusually thick, and 
is attached round the edges of the rough bony surface on which the cushion rests. 
The membrane is loosely reflected off this on to the ligamentum teres, along 
which it is prolonged to the head of the femur; thus the fibres of the round liga- 
ment are shut out from the joint cavity. From the capsule the synovial mem- 
brane is also reflected below on to the neck of the femur, whence it passes over 
the retinacula to the margin of the articular cartilage. A fold of synovial mem- 
brane on the under aspect of the neck often conveys to the head of the femur a 
branch of an artery — generally a branch of the medial circumflex. 

The uterial sappl; comes from — (a) the transram branches of the medial and lateral 
circumflex arteries ; (o) the lat«ral branch of the obturator aeoia a branch throuKh the acetabular 
notch beneath the traneveree ligament^ which ramifies in the fat at the bottom of the ace- 
tabulum, and travels down the roiutd ligament to the head of the femur; (c) the inferior branch of 
the deep divisian of the Bi4>erior gluteal; and (d) the inferior gluteal (sciatic) arteries. The 
branch from the obturator to the Bgamentum t«rea is Bometimes very large when the branch 
from the medial circumflex does not also supply the ligament. 

The Buperi(v and inferior gluteal send several branches throu^ the innominate attachment 



Fio. 313. — LtoAMEKTuH Teres, lax in Flexion. 




of the orlicular capsule : these anastomose freely beneath the capsule around the outer aapeet 
of the acetabulum, and supply some branches to enter the bone, and others which enter the 
substance of the glenoid lip. There is quite an arterial crescent upon the posterior and postero- 
superior portions of the acetabulum; but no vessels are to be seen on the innez aspect of the 
glenoid hp. 

The nerve-snpply comes from — (a) femoral (anterior crural), (6) anterior division of the 
obturator, (c) the sccesaory obturator, and (d) the sacral plexus, by a twig from the nerve to 
the quadratus femoris, or from the upper part of the great sciatic, or from the lower put ot the 
sacral plexus. 

Relations.— In front and in contact with the capsule are the psoas bivsa, the («odinous 

fiart of the psoas magnus, and the iliacus. Still more anteriorly and not in contact are the 
emoral artery, the femoral (anterior crural) nerve, the rectus tenuSiis, the sartorius, and the 
tensor fascite latte. 

Abooe and in close relation with the capsule are the piriformis, the obturator internua and 
the gemelli, and the reflected head of the rectus femoris, whilst more superficially lie the ^uteus 
minimus and medius. 

Behind and in close relation with the capsule are the obturator externus, the gemelli and 
obturator intemus, and the piriformis. More superficially lie the quadratus femoris, the sciatic 
nerves, and the gluteus maximus. 

Below the obturator externus, the pectineus, and the medial circumflex artery are in close 
relation with the capsule. 

The movements.— The hip-joint, hkc the shoulder, is a ball-and-socket joint, but with a 
much more complete socket and a corresponding limitation of movement. Eacn variety c^ 
movement is permitted, vie, flexion, extension, abduction, adduction, circumduction, and rota- 
tion; and any two or more of these movements not being antagonistic can be combined, i. e., 
flexion or extension axaociated with abduction or adduction can be combined with rotation in 
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It rCBults from the obliquity of the neck of the femur that the movements of the head in 
the acetabulum are olw&ys more or leGB of a rotatory character. This is more especially the case 
during flexion and extension, and two results follow from it. First, the bearing surfaces of the 
femur and acetabulum preserve their apposition to each other, so that the amount of articular 
■uiface of the head in the acetabulum does not sensibly diminish pari passu with the transit of 
the joint from the extended to the flexed position, as would necessarily be the case if the move- 
ment of the femoral head, like that of the thigh itself, was simply angular, instead of rotatory 
uiid asKular. Secondly, as rotation of the head can continue untU the ligaments are tight with- 
out being checked by contact of the neck of the thigh bone with the run of the acetabulum, 
flexion of the dugh so far as the joint is concerned is practically unlimited. Flexion is the most 
important, moat frequent, and most extensive movement, and in the dissected limb, before the 
ligaments are disturbed, can be carried to 160°, and is then checked by the lower fibres of the 
ischio-capBular ligament. In the living subject simple flexion can continue until checked by the 
contact of the soft ptirts at the groin, if the knee be bent; if the knee be straight, flexion of the 
hip ia eheoked iu most persons by the hamstring muscles at nearly a right angle. This is very 
endent on bjing to touch the ground with the fingers without bending the knees, the chief strain 
being felt at the popliteal apace. This is due to the shortness of the hamstrings. Extension 
is limited by the ilio-femoral ligament. 
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Abduction and lateral rotation can be performed freely in every position of flexion and 
extension — abduction bein^ limited by the pubo-capsular ligament; lateral rotation by the 
ilio-femoral ligament, especially its medial portion, during extension; but by the lateral portion, 
as well as by the ligamentum teres, during flexion. 

Adduction is very hmited in the extended thigh on account of the contact with the opposite 
limb. In the slightly flexed position adduction is more free than in extension, and is then limited 
by the lateral fibres of the iho-femora! band and the superior portion of the capsule. In flexion 
the range is still greater, and limited by the ischio-capsular ligament, the ligamentum teres being 
also rendered nearly tight. Medial rotation in the extended position is limited by the lower 
fibres of the ilio-femoral ligament; and in flexion by the ischio-capsular ligament and the portion 
of the capsule between it and the ilio-femoral band. 

The ilio-femoral band also prevents the tendency of the trunk to roll backward on the thigh 
bones in the erect posture, and so does away with the necessity for muscular power for this pur- 
pcMe; it is put on stretch in the stand-at-ease position. 

The ligamentum teres is of little use in resisting violence or in imparting strength to the 
joint. It assists in checking lateral rotation, and adduction during flexion, A ligament can 
only be of use when it is tight, and it was found by trephining the bottom of the acetabulum, 
removing the fat, and threading a piece of whipcord round the ligament, that the liRament was 
slack in simple flexion, and very loose in complete extension, but that its most slaclc condition 
waa in abduction. It is tightest in flexion combined with adduction and lat^'al rotation and 
almost as tight in flexion with lateral rotation alone, and in flexion with adduction alone (figs. 
313-315). 
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ExUntor*. — ^The gluteus maximue, the posterior fibres of the glutei roediua and minimus, the 
bioepe,the Bemitendinosus, the Bemimembranosua, and the ischial fibres of the adductor ma^us; 
also (sliohtty} the piriformis, obturator intemuaand gemelli. Abduetori. — Gluteus maxun us 
(upper fibres), t«nBor tasoiffl \&Ub, gluteus medius. gluteus minimus, and, when the joint i« 
flexed, the pinformLa, obturator intemus, the gemelli, and the sartoriua also beoome abducton. 
Additctor*. — Adductorea magnus, longus, brevis, and minimus, semitendinoeus, bioepSj the 

Sidlia, tbe pectineus, the quadrSituB femoris, and the lower fibres of the gluteus maxunus. 
editd rolalori. — Psoas (slightlj'), adductor magnua, semimembranosus, the anterior fibres 
of the gluteus medius and minimus, and the tensor fascis latffi. Lateral rotatort. — Gluteus 
maximus, pooterior fibres of gluteus medius and minimus, the adductors, obturator extemus, 
quadratus lemoria, obturator intemus, the gemelti, and the piriformis when the joint is extended. 



2. THE KNEE-JOINT 



Class. — Diarlhroaia. 



Subdivision. — Ginglymus. 



Tbe knee is tbe largest joint in the body. It is rightly described as a gingly- 
moid joint, but there is also an arthrodial element; for, in addition to flexion and 
extension, there is a sliding backward and forward of the tibia upon the femoral 
condyles, as well as slight rotation round a vertical axis. It ia one of the most 
superficial, and, as far as adaptation of the bony surfaces goes, one of the weakest 
joints, for in no position are the bones in more than partial contact. Its strength 
lies in the number, size, and arrangement of the ligaments, and the powerful 
muscles and fascial expansions which pass over tbe articulation and enable it to 
withstand the leveri^e of the two longest bones in the body. It may be said'to 
consist of two articiSations with a common synovial membrane — the patello- 
femoral and the tibio-femoral, the latter being double. It ia composed of the 
condyles and trochlear surface of the femur, the condyles of the tibia, and the 
patella, united by the following ligaments, which may be divided into an external 
and internal set : — 



External 

(1) Fibrous expansion of the extensors, 

(2) Articular capsule. 

(3) Oblique popliteal ligament. 

(4) Fibular collateral. 

(5) Tibial collateral. 

(6) Ligamentum patellae 



Internal 

(1) Anterior crucial. 

(2) Posterior crucial. 

(3) Medial meniscus. 

(4) Lateral meniscus. 

(5) Coronary. 

(6) Transverse. 
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EXTEBNAL LlOAUENTS 

Superficial to the fibrous expansion of the quadriceps extensor tendons the 
/ascia lata of the thigh covers the front and sides of the knee-joint. 

The deep fasou of the thiRh, &a it descends to its attachment to the tuberoaity and oblique 
iinea of the tibia, not ODly overlies but blends with the fibniuB expansion of the extensor tendons. 
The oblique lines of the tibia curve upward and backward from the tuberosity on each side 
to the {Mfltero-Iateral part of the condyles. The process of fascia attached to the lateral ridRe 
of the tibia and to the head of the fibula descends from the tonsor foacis latn and is very thick 
And strong. It is firmly blended with the tendinous fibres of the vastus lateralis. The fascia 
lata, on the medial aide of the patella, besides being attached to the medial oblique ridge of the 
tibia, sends some longitudinal fibres lower down to become blended with the fibrous expansion 
<rf the aartoriua. The fascia is much thinner on the medial aide of the patella than on the lateral, 
atnd blends much less with the tendon of the vastus medialis than the lateral part of the fascia 
doee with the vastus lateralis. A thin layer of the fascia lata in the form of traDsverae or arci- 
farm fibres passes over the front of the joint. These fibrea ore apecially well marked over the 
jntum patellte, and blend here witn the central portion of the quadriceps extensor fibres. 




The fibrous expansion of the extensor tendons consists — (1) of a central 
portion, deiisely thick and strong, 3.7 cm, (IJ in.) broad, which is inserted into 
the anterior two-thirda of the upper border of the patella, many of its superficial 
fibres passing over the subcutaneous surface of the bone into the ligamentum 
patellte; (2) of two side portions thinner, but strong. 

The side portions are inserted into the patella along its upper border on either side of the 
central portion and also into its medial and lateral borders, nearer the anterior than the posterioT 



from the tuberosity to the medial and lateral condyles, and reach as far as the.tibial and fibular 
collateral ligaments. On the lateral side, the fibrea blend with the illo-tibial band of the fascia 
lata, and on the medial they extend below the oblique line to blend with the periosteum of the 
shaft. Thus there is a large hood spread over the whole of the front of the joint, investing the 
patella, and reaching from the sides of the ligamentum patells to the collateral ligaments, at- 
tached below to the tibia, and separated everywhere from the synovial membrane by a layer 
of fatty tissue. 

The ligamentum patellae (fig. 320) ie the continuation in line of the central 
portion of the conjoined tendon, some fibres of which are prolonged over the front 
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of the patella into the ligament. It is an extremely strong, flat band, attached 
above to the lower border of the patella; below, it is fixed to the lower part of the 
tuberosity and upper part of the crest of the tibia, somewhat obliquely, being 
proloi^ed downward further on the lateral side, so that this border is fully 2.5 
cm. (1 in.) longer than the medial, which mea8iu*e9 6.7 cm. (2^ in.) in lei^h. 
Behind, it is in contact with a mass of fat which separates it from the synovial 
membrane, and a small bursa intervenes between it and the bead of the tibia. 
In front, a lai^e bursa separates it from the subcutaneous tissue, and at the sides 
it is continuous with the fibrous expansion of the extensors. 

The tibial (internal) collateral Ugament (fig. 317) is a strong, flat band, which 
extends from the depression on the tubercle on the medial side of the medial 
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epicondyle of the femur, to the medial border and medial surface of the shaft of 
the tibia, 3.7 cm. (Ij in.) below the condyle. It is 8.7 cm. {3J in.) long, well 
defined anteriorly, where it blends with the expansion of the conjoined extensor 
tendons; but not so well defined posteriorly, where it merges into the oblique 
popliteal ligament. 

Some of the lower fibres bleod with the deacending portion of the semtmembrononM teadoDr 
Ita deep surface is firmly adherent to the edge of the medial meniscus and coronary ligament, 
while part of the semimembranoaui tendon and inferior jrudial orftcuior ncMeb and nerM paaa 
between it and the bone. Superficially, a bursa separates it from the tendons of the gnieilii 
and KtnilendinoBTia muscles and from the aponeurosis of the tarlorius muscle. 

The fibular (external) collateral ligament (fig. 317) consists of two portions: 
the anterior, which is the longer and better marked, is a strong, rounded cord, 
about 5 cm, (2 in.) long, attached above to the tubercle on the lateral side of the 
lateral epicondyle of the femur, just below and in front of the origin of the lateral 
head of the gastrocnemius, wliilst the tendon of the •poplUeua arises from the 
groove below and in front of it. Below, it is fixed to the middle of the lateral 
surface of the head of the fibula, 1.25 cm.(i) in. or more anterior to the apex. 

Superficially is the tendon of the bicepa, which splits to embrace its lower extremity: while 
beneath it pass the popliteut tendon in ita sneath, and the inferior lateral articular vemtU ana nerva. 
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Some fibres of the peroneuB longus occaBionally arise from the lower end of the ligament. The 
posterior portion IB 8 mm. (tin.) befaind the anterior. It is broader and lesB defined ifijced below 
to the apex of the fibula, it inclines upward and somewhat backward, and ties down the popltieui 
i^ainat the lateral condyle of the tibia, blending beneath the lateral head of the gattroenemiiu 
with the oblique popliteal ligament of the knee, of which it is really a portion. 

The oblique popliteal ligament or ligamentum Winslowii (fig. 317) is a broad 
dense Btructure of interlacing fibres, with large orifices for vessels and nerves. 
It is attached above to the femur close to the articular margins of the condyles, 
■tretching across the upper margin of the intercondyloid fossa, to which it is 
connected by fibro-fatty tissue; it thus reaches across from the tibial to the 
fibular collateral ligsments. Below, it is fixed to the border of the lateral condyle 
of the tibia, to the bone just below the posterior intercondyloid notch, and to the 
shaft of the tibia below the medial condyle, blending with the descending slip of 
the semimembranosus and tibial collateral ligament. 

Superfioially, an oblique I 
upward and lat^ally from n 




epicondyle of the femur, where it joins the lateral bead of the gaetroenemiua, a sesamoid plate 
beinp Bometimes developed at the point of junction. This slip neatly stren^ena the obliqus 
popliteal ligament, of which, if not the chief conatitucnt, it ia at least a very important part. 

Ita deep surface is closely connected with the semilunar menisci (especially the medial) and 
coronary ligaments, and in the interval between the cartilages with the posterior crucial hgament 
and fibro-fatty tissue within the joint. Superficially it forma part of the floor of the popliteal 
apace. A special band, the arcuate ligament, is sometimes found extending from the mteral 
epicondyle to the oblique ligament. 

The articular capsule (fig. 319) is thin but strong, covering the synovial 
membrane, and looking like a loose sac. It is attached to the femur near the 
articular margin on the medial side, but further away on the lateral; it passes 
beoestb the fibular collateral ligament to join the sheath of the popUteua. Medi- 
ally it joins the tibial collateral ligament. Below, it is fixed to the upper as well 
as the medial and lateral borders of the patella and the anterior border of the 
head of the tibia. It is strengthened superficially between the femur and patella 
by an expansion from the arlicularia genu (sub-cruretu) and is separated from 
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the fibrous expansion of the extensor tendon by a layer of fatty tissue. The 
synovial membrane lines its deep surface, and holds it against the borders of the 
semilunar menisci; it is also attached to the coronary ligaments. 

Internal Lioauents 

The anterior crucial ligament (figs 319 and 320) Is strong and cord-like. It 
is attached to the medial half of the fossa m front of the intercondyloid eminence 
of the tibia, and to the lateral border of the medial articular facet as far back at 
the medial intercondyloid tubercle It passes upward, backward, and laterally 
to the back part of the medial surface of the lateral condyle of the femur. To 
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the tibia, it is fixed behind the anterior extremity of the medial semilimar menis- 
cus. Behind and to the lateral aide it has the anterior extremity of the lateral 
meniscus, a few fibres of which blend with the lateral edge of the ligament. 

Its anterior fibres at the tibial end are atron^st and longest, being fixed highest on tlie 
femur; while the posterior, aprijifting from the intercondyloid eminence, are shorter and man 
oblique. Near the spine, a slip is sometimeB given ofF to the posterior crucial ligament. 

The posterior crucial ligament (fig. 319, 320, and 322) is stronger and less 
oblique than the anterior. It is fixed below to the greater portion of the fossa 
behind the intercondyloid eminence of the tibia, especially the lateral and pos- 
terior portion, and then medially along the posterior intercondyloid fosaa; being 
joined by fibres which arise between the intercondyloid tubercles, it ascenib 
to the anterior part of the lateral surface of the medial condyle of the femur, 
having a wide crescentic attachment 1.5 cm. (| in.) in extent just above the 
articular surface. 
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hora of the medial semilunar meniscus, and receives a large slip (rom the lateral meniacus, 
which aBcende along it, either in front or behind, to the femur; higher up in front it is connected 
with the anterior crucial ligament. 

Until they rise above the inlercondyloid eminence of the tibia the two crucial ligaments 
are closely bound toother, so that no interspace exists between their tibial attachments and 
the point of decussation; the only space between them is therefore a V-shaped one correspond- 
ing to the upper half of their X-shaped arrangement, and this is a mere rhink in the undissected 
state, and can be seen from the front only, owing to the fatty tissue beneath the synovial mem- 
brane which surrounds their femoral attachment. 

The interarticular menisci or semilunar fibro-cartilagea (figs. 319 and 320) 
are two crescentic discs resting upon the circumferential portions of the articular 
facets of the tibia, and moving with the tibia upon the femur. Tbey some- 
what deepen the tibial articular surfaces, and are dense and compact in structure, 
becoming looser and more fibrous near their extremities, where they are firmly 
fixed in front of and behind the intercondyloid eminence of the tibia. The 
circumferential border of each is convex, thick, and somewhat loosely attached to 
the borders of the condyles of the tibia by the coronary ligaments and the re- 
flexion of the synovial membrane. The inner border is concave, thin, and free. 
Half an inch (1.3 cm.) broad at the widest part, they taper somewhat toward their 



FiQ. 320. — Btrdctcbeb lying on the Head or the Tibia. (Right knee.) 
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extremities, and cover rather less than two-third-j of the articular facets of the 
tibia. Their upper surfaces are slightly concave, and fit on to the femoral 
condyles, while the lower are flat and rest on the head of the tibia; both sui-faces 
are smooth and covered by synovial membrane. 

The lateral meniscuB (fig. 320) is nearly circular in form and less firmly fixed than the 
medial, and consequently elides more freely upon the tibia. Its anterior comu is attached to a 
narrow depression along the lateral articular facet, just in front of the lateral intercoodyloid 
tubercle of the tibia, close to, and on the lateral side of, the anterior cruiial ligament; a small slip 
from the cornu is often fixed to the tibia in front of the crucial liuumi-nt. Th« posterior 
cornu is firmly attached to the (ibia behind the lateral in tcrcondylo id tubercle, blending with the 
posterior crucial ligament, and giving off a well-marked fasciculus, which runs up along the 
anterior border of the ligament to be attached to the femur (lii^ment of Wriaberg), It also 
aenda a narrow slip into the back part of the anterior crucial li^ment. Its outer border is 
grooved toward its posterior part by the poptiteus tendon, which is held to it by fibrous tissue 
and synovial membrane, and Bepara1«8 it from the fibular collateral ligament. From its anterior 
border is given olf the transverse ligament. 

The medial meniscus (fig. 320] is a segment of a larger circle than the lateral, and has an 
outline more oval than circular. Its anterior corim is wide, and has a broad and oblique attach- 
ment to the anterior margin of the head of the tibia. It reaches from the margin of the condyle 
toward the middle of the fossa in front of the intercnnd}'loid cniineni.-e, being altogether in front 
of the anterior crucial ligament. The posterior cornu is firndy fixed by a broad insertion in an 
antero-posterior line along the medial side of the posterior intcrcondyloid fossa, from the medial 
tubercle to the posterior margin of the head of the tibia. Its convex border is connected with 
the tibial collateral ligament and the temimetnbratioiiiiii tendon. 

The transverse ligament (figs. 319 and 320) is a rounded, slender, short cord, 
which extends from the convex border of the lateral meniscus to the concave 
border or anterior cornu of tlie medial, nojvr which it is sometimes attached to the 
bone. It is an acce^^sory bjind of th<: hitoral meniscus, and is situated beneiith 
the synovial membrane. 
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The coronary ligaments (fig. 319) connect the margins of the semUunar 
discs with the head of the tibia. The lateral is much more lax than the medial, 
permitting the lateral disc to change its position more freely than the medial. 
They are not in reality separate structures, but consist of fibres of the several 
surrounding ligaments of the knee-joint which become attached to the margins 
of the discs as they pass over them. 

The synovial membrane (fig. 324) of the knee forms the largest synovial sac 
in the body. Bulging upward from the patella, it follows the capsule of the joint 
into a large cul-de-sac beneath the tendon of the extensor muscles on the front of 
the femur. It reaches some distance beyond the articular surface of the bone, and 
communicates very frequently with a large bursa interposed between the tendon 
and the femur above the line of attachment of the articular capsule. After 
investing the circimiference of the lower end of the femur, it is refiected upon the 




fibrous envelope of the joint formed by the capsular, posterior, and coDatersI 
l^aments. 

Tbe synovial membraDe covers a great portion of the crucial ligamentB, but leaves uncovered 
the back of the posterior crucial where the latter is connected with the posterior Uguaatt, and 
the lower part of both crucial ligaments where they are united. Thua the ligfunents are com* 
pletely shut out of the synovial cavity. Alonji the fibrous envelope the synovial membrane ia 
conducted down to the semilunar menisci, over both surfaces of which it passes, and ia refiected 
off the under surface on to the coronary liftaments, and thence down to the head of the tibia, 
around the circumference of which it extends a short way. It dips down between the external 
meniscus and the head of the tibia as low as the superior tibio-fibular liRatnent, teaching inward 
nearly as far as the inlercondyloid notch, and forming a bursa for the play of the poplitea} 
tendon. 

At the back of the joint two pouches are prolonged beneath the musclea, one on each side 
between the condyle of the femur and the orifcin of the ^strornemius. Large processes of ^nxv 
vial membrane also project into the joint, and being occupied by fat Berve as padding to fill up 
spaces. The chief of these processes, the patellar synovial fold (hgamentum tnucoflum) {&tf. 
322 and 324], springs from the infrapatellar fatty mass. This so-called Ugament is the centn) 
portion of the large process of synovial membrane, of which the alar folds form the free marans. 
It extends from the fatty mass, below the patella, backward and upward to tbe intercond^oid 
notchof the femur, where itisattached in front of the anterior crucial, and lateral to tliepoete- 
rior crucial ligament. Near the femur it is thin and transparent, consisting of a double fold of 
synovial membrane, but near the patella it contains some fatty tissue. Its anterior or upper 
edge ia free, and fully 2.5 cm. (an inch) long; the posterior or lower edge is half the length, and 
19 attached to the crucial ligaments above, but is free below. 
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Their free margins ore concave &nd thin, and are lost below in the patellar fold. There ii 
■light fossa above and another below each Ii 





inferior medial and lateral articular: the medial articular; the deeceTu}iaf,bT«.'a^Vcji^«.\B^Ks^ 
oircumflex; the Anterior recurrent branch from Ma ftdeticn ti\A&V, «£i^ "^^ -^ottJBctist 'v&j<^ 
reearrent 
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The nerve-suppW cornea from the great sciatic, femoral, ami obturator sources. The 
Ereat sciatic gives off the tibial and common peroneal; the tibial nends two, sometimes three 
braDches — one with the medial articular artery; one with the inferior medial, and sometimes 
one with the superior medial articular artery; the common peroneal Rives a branch which accom- 
paniea the superior, and another which accompanies the inferior articular artery, and a recurreat 
branch which follows the couree of the anterior recurrent branch of the anterior tibial artrar. 
The femoral sends an articular branch from the nerve to the vastus lateralis; a second from the 
nerve to the vastus medialis; and sometimes a third from that to the vastus intermedius. Thus 
there are three articular twigs to the knee derived from the muscular branches of the femoral. 
The obturator by its deep division sends a branch through the adductor magnus on to the pop- 
liteal artery, which enters the joint posteriorly. 
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Relations. — Anteriorly und at the sides the knee-joint is merely covered and prot«cted by 
skio, fascia, and the tendinous expansions of the quadriceps exteuHor muscle. Laterally aod 
posteriorly it is crossed by the bii-e|)e tendon. Medially and posteriorly lie the sartorius and 
the tenitons of the gracilis and semitendinoaua muscles. Posteriorly it is in relation with the 
popliteal vessels and nerves, the seminiembranosus, the two heads of the gastrocnemius, and the 
plantaris. The tendon of Iho poplitcus pieri'cs the capsule behind and medial to the bic«ps 
tendon. 

The movements which occur at the knee-joint are flocion and extension, with some slight 
amount of rotation in the bent [losilion. These movements are not so simple as the correspond- 
ing ones at the elbow, for the knee is not a simple hin^c joint. The movements of rotation 
instead of occurrinn between tibia and fibula, as between ro'liiis anil ulna, are movements of the 
tibia with the filmla ui>on Ihe conilyles of (he femur. 

The kuee dilTers from a true hin;^ joint, like the elbow or ankle, in the following par- 

1. The points of contact of the fecnur with the tibia arc constantly changing. Thus, in 
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the flexed position, the posterior part of the articular surface of the tibia is in contact with the 
rounded back part of the femoral condyles; in the semiflexed position the middle parts of the 
t^ial facets articulate with the anterior rounded part of the condyles; while in the fuUy extended 
position the anterior and middle parts of the tibial facets are in contact with the anterior flat- 
tened portion of the condyles. So with the patella: in extreme flexion the medial articular facet 
rests on the lateral part of the medial condyle of the femur; in flexion the upper pair of facets 
rests on the lower part of the trochlear surface of the femur; in mid-flexion the middle pair 
rests on the middle of the trochlear surface; while in extension the lower pair of facets on the 
patella rests on the upper portion of the trochlear surface of the femur. 

Fig. 325. — The Collateral Ligaments of the Knee in Flexion and Extension. 







This difference may be described as the shifting of the points of contact of the articular 
surface. 

2. It differs from a true hinge in that, in passing from a state of extension to one of flexion, 
the tibia does not revolve round a single transverse axis drawn through the lower end of the 
femur, as the ulna does round the lower end of the humerus. The articular surface of the 
tibia slides forward in extension and backward in flexion; thus the axis round which the tibia 
revolves upon the femur is a shifting one, as is seen by reference to fig. 325, B, C, D. 

3. Another point of difference is that extension is accompanied by lateral rotation, and 
flexion by medial rotation. This rotation occurs round a vertical axis drawn through the middle 
of the lateral condyle of the femur and the lateral condyle of the tibia, and is most marked at 
the termination of extension and at the commencement of flexion. This rotation of the leg at 
the knee is a true rotation about a vertical axis, and thus differs from the obliquity of the flexion 
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Fio. 326. — Section of Knee, showiko CmtciAL Lioamekts in Extension. 




ulenflion are relaxed during flexion, and thereby a considerable amount of rotatory moTement 
ifl pamitted ia the flexed position. The axis of this rotation ib vertical, and pasaea through the 
medial intercondyloid tubercle of the tibiu, so that the lateral condyle moves in the arc of a 
larger circle than does the medial, and is therefore required to move more freely and eauly; 



Fig. 327. — Crl-l-ial Lioaments in Flexion. 




hence the shape of the lateral articular facet and the loose connection of the lateral n 
which ie adapted to it. 

In extension, all the ligaments ai« on the stretch with the exception of the ligamentum 
patellte and front of the capsule. Extension is checked by both the crucial ligaments and the 
collateia} ligameate (figs. 325, A, B, and 326). 
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In flexion the ligamentum patellse and anterior portion of the capsule are on the Btretch: 
so a]8o is the posterior crucial in extreme flexion, though it is not ouite tight in the semiflexea 
state of the joint. All the other ligaments are relaxed (fig. 325, C, D), although the relaxation 
of the anterior crucial ligament is slight in extreme flexion (fig. 327). Flexion is only checked 
during life by the contact of the soft parts, i. e., the calf with the back of the thigh. 

Rotation medially is checked by the anterior crucial ligament; the collateral ligaments 
being loose. 

Rotation laterally is checked by the collateral ligaments; the crucial ligaments have no 
controlling effect on it, as they are untwisted by it. 

.Slidins movements are checked by the crucial and collateral ligaments — sliding forward 
especially oy the anterior, and sliding backward bv the posterior crucial. 

Muscles which act upon the bnee-joint. — Flexors, — Biceps, semimembranosus, semiten- 
dinosus, sartorius, gastrocnemius, plantaris, and popUteus. ^xlensor.— Quadriceps extensor. 
Medial i^(a(49r8.— -Sartorius, gracilis, semitendinosus, semimembranosus, popliteus. Lateral 
Rotator. — Biceps. 

3. THE TIBIO-FIBULAR UNION 

The fibula is connected with the tibia throughout its length by an interosseous 
membrane, and at the upper and lower extremities by means of two joints. 
Very little movement is permitted between the two bones. 

(a) The superior tibio-fibular joint. 

(b) The middle tibio-fibular union. 

(c) The inferior tibio-fibular joint. 

(a) The Superior TiBio-rmuLAR Joint 

Class. — Diarthrosis, Subdivision. — Arthrodia. 

The superior tibio-fibular joint is about 6 mm. (J in.) below, and quite distinct 
from, the knee at its upper and anterior part; but at its posterior and superior 
aspect, where the border of the lateral condyle of the tibia is bevelled by the pop- 
liteus muscle, the joint is in the closest proximity to the bursa beneath the tendon 
of that muscle, and is only separated from the knee-joint by a thin septum of 
areolar tissue. There is often a communication between the synovial cavities of 
the two joints. The ligaments uniting the bones are: — 

Articular capsule. Anterior tibio-fibular. 

Posterior tibio-fibular. 

The articular capsule is a well-marked fibro-areolar structure; it is attached 
close round the articular margins of the tibia and fibula. In front it is shut off 
completely from the knee-joint by the capsule of the knee and the coronary liga- 
ment; but behind, it is often very thin, and may communicate with the bursa 
under the popliteus tendon. 

The anterior tibio-fibular (capitular) ligament (fig. 326) consists of a few fibres 
which pass upward and medially from the fibula to the tibia. It lies beneath the 
anterior portion of the tendon of the biceps. 

The posterior tibio-fibular (capitular) ligament (fig. 317) consists of a few fibres 
which pass upward and medially between the adjacent bones, from the head of 
the fibula to the lateral condyle of the tibia. 

The superior interosseous ligament consists of a mass of dense yellow fibroareolar tissue, 
binding the opposed surfaces of the bones together for 2 cm. (} in.) below the articular facets. 
It is continuous with the interosseous membrane along the tibia. 

The biceps tendon is divided by the fibular collateral ligament of the knee; of the two 
divisions the anterior is by far the stronger, and is inserted into the lateral condyle of the tibia 
as well as to the front of the head of the fibula, and thus the muscle, acting on both bones, tends 
to brace them more tightly together; indeed, it holds the bones strongly together after all other 
connections have been severed. 

The synovial membrane which lines the joint sometimes communicates with the knee-joint 
through the bursa beneath the popliteus tendon. 

'The arterial supply is from the inferior lateral articular and recurrent tibial arteries. 
«The nerve -supply is from the inferior lateral articular, and also from the recurrent branch 
of the common peroneal. 

Relations. — In front, the upper ends of the tibialis anterior, the extensor digitorum longus. 
and the peroneus longus. Behind, the tendon of the popliteus overlapped by the lateral head 
of the gastrocnemius. Laterally, the biceps tendon and the common peroneal nerve. Below 
and medially, the anterior tibial vessels. 

The movements are but slight, and consist merely of a gliding of the two bones upon each 
other. The joint is so constructed that the fibula gives some support to the tibia in transmitting 
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the weight to the toot. The articular facet of the tibia overhang, and ifl received upon thg 
articular facet of the head of the fibula in an oblique plane. This joint ajlows of slieht yielding 
of the lateral malleolus durius flexion and extension of the ankle-joint, the whole fibula glidii^ 
Blightly upward in flexion, and downward in extension, of the ankle. 

(6) The Middle Tmio-FiBULAR Union 

Class. — Synarthrosis. Subdivision. — Syndesmosis. 

The interosseous membrane is attached along the lateral border of the tibia 
and the interosseous border of the fibula. It is deficient above for about 2.5 cm. 
(1 in.) or more, measured from the under aspect of the superior joint. Its upper 
border is concave, and over it pass the anterior tibial vessels. 

The membrane consists of a thin aponeurotic and translucent lamina, formed of obliqua 
fine fibres, some of which run from the tibia to the fibula, and some from the fibula to the tibia, 
but all are inclined downward. They are best marked at their attachment to the bonea, ana 
gradually grow denser and thicker as they approach the inferior interosseous lieament. lite 

Fia. 328. — Lower Ends of Lept Tibia and Pibdi-a, showino the Ligaments. The synovial 
fold between these bones has been removed to show the transverse ligament forming part 
of the capsule of the joint, and the deeper fibres of the anterior lateral malleolar ligament 
which come into contact with the talus. 
(From a dissection by Mr. W. Pearson, of the Royal College of Surgeooa' Museum.) 
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chief use of the membrane is to afford a surface for the origin of muaclea. It ia continuous b^w 
with the inferior interosseous hgament. 

In front of the interosseous membrane lie the tibialis anterior, the extensor digitorum longua, 
the extensor hollucis longua, and the anterior tibial vessels and nerves. Behind it is inreUtion 
with the tibialis posterior, the flexor hallucis longus, and the peroneal artery. 

(c) The Inferior Tibio-fibular Articulation 
Class. — DiarikTosia. Subdivision. — Arihrodia. 

This junction is formed by the lower ends of the tibia and fibula. The rough 
triangular surface on each of these bones formed by the bifurcation of their 
interosseous lines is closely and firmly united by the inferior interosseous liga- 
ment. The fibula is in actual contact with the tibia by an articular facet, which 
is small in size, crescentic in shape, and continuous with the articular facet of 
the malleolus. 

The ligaments which unite the bones are: — 

1. Anterior lateral malleolar ligament. 

2. Posterior lateral malleolar ligament. 

3. Transverse ligament. 

4. Inferior interosseous ligament. 

The anterior lateral malleolar ligament (anterior inferior tibio-fibular liga- 
ment) (figs. 328 and 334) is a strong triangular band about 2 cm. (j in.) wide, 
and is attached to the lower extremity of the tibia at its anterior and lateral 
angle, close to the margin of the facet for the talus and passes downward and 
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laterally to the anterior border and contiguous surface of the lower end of the 
fibula, some fibres passing along the edge nearly as far as the origin of the anterior 
talo-fibular ligament. 

The fibres increase in length from above downward. In front it ia in relation with the 
peroneus terti-us and deep faacia of the leg, and gives origin to fibres of the anterior ligament of 
the ankle-joint. Behind, it lies in (Mintact with the interosseous ligament, and comes into con- 
tact with the articular surface of the talus (see figs. 328 and 329). 

The posterior lateral malleolar ligament (figs. 32S and 334) is very similar 
to the aaterior, extending from the posterior and lateral angle of the lower end 
of the tibia downward and laterally to the lowest 1.5 cm, (J in.) of the border 
separating the medial from the posterior surface of the shaft of the fibula, and to 
the upper part of the posterior border of the lateral malleolus. It is in relation 
in front with the interosseous ligament ; below, it touches the transverse ligament. 

The inferior inttrosaeoua ligament is a dense maas of short, fell-like fibres, passing tran^. 
Tersely between and firmly uniting the opposed rough triangular surfaces at the lower ends of th« 

Fio. 329, — Right Ankle joint bhowino the Lioauentb. 
(Prom dissection by Mr W Pearson of the Rojal College of Surgeons' Museum.) 
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tibi* and fibula, except for 1 cm. (| in.) at the extremity, where there ia a svnovial cavity. It 
extends from the anterior to the posterior lateral malleolar ligamentB, reacning upward 4 cm. 
(11 in.) in front, but only halt this height behind 

The transverse llKament (fig. 331) is a strong rounded band, attached to nearljr the whole 
length of the inferior Dorder of the posterior surface of the tibia, just above the articular facet 
for the talus. It then inclines a little forward and downward, to be attached to the medial 
■uriace of the lateral malleolus, just above the foasa. and into the up^r port of the fossa itself. 

The srnovial membrane is continuous with that of the ankle-joint; it projects upward 
between the bones beyond their articular facets as high aa the inferior interosseous ligament. 

The nerve-supply is the same as that of the ankle-joint; the aiteiiol supply is from the 
peroneal and the anterior peroneal, and sometimes from the anterior tibial, or ite lateral malleolar 
branch. 

Relations. — In front of the inferior tibio-fibulai' joint are the anterior peroneal art«ry and 
the tendon of the peroneus tertius, and behind it are the posterior peroneal artery and the pad 
of fat which lies in front ot the tendo Achillis. 

The movement permitted at this joint is a mere gliding, chiefly in an upward and downward 
direction, of the fibula on the tibia. The bones are firmly braced together and yet form a slightly 
yielding arch, thus allowing a ahght aide to side expansion during extreme flexion, when the 
raoad part of the talus is brought under the arch, by the upward gliding of the fibula on the 
tibia. To this end the direction of the fibres of the lateral malleolar ligaments is downward 
from tibia to fibula. This mechanical arrangement secures perfect contact of the articular 
surfaces of the ankle-joint in all positions of the foot. 

4. THE ANKLE^OINT 

Class. — Diarthroais. Subdivision. — Ginglymus. 

The ankle [articulatio talo-cruralis] is a perfect ginglymus or hinge joint. 
The bones which enter into its formation are: the lower extremity and medial 
malleolus of the tibia, and the lateral malleolus of the fibula, above; and the upper 
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and lateral articular surfaces of the talus (astragalus) below. The ligamente 
(supplementing the articular capsule) uniting the bones are: — 

Anterior. Deltoid. 

Posterior. Lateral ligament. 

The anterior ligament (fig. 334) is a thin, membranous structure, which 
completes the capsule in front of the joint. It is attached above to the anterior 
border of the medial malleolus, to a crest of bone just above the transverse groove 
at the lower end of the tibia, to the anterior lateral malleolar ligament, and to the 
anterior border of the lateral malleolua. Below, it is attached to the rough uppv 
surface of the neck of the talua (astragalus). Medially it is thicker, and is fixed 
to the talus close to the facet for the medial malleolus, being continuous with the 
deltoid ligament, and passing forward to blend with the talo-navicular ligament. 
Laterally it is attached to the talus, just below and in front of the angle between 
the superior and lateral facets, close to their edges, and joins the anterior talo- 
fibular ligament. 

It is in relation, in front with the li&iaJu anferior muscle, the anterior tibial vessels and Derve, 
the extentor tendom of the toet, and the peronctis tertiua; and behind with a maas of fat and syno- 
vial membrane. 

THE Gboovb roB THX 




The posterior ligament (fig. 331) is a very thin and disconnected membranous 
structure, connected above with the lateral malleolus, medial to the p^tineal 
groove; to the posterior margin of the lower end of the tibia lateral to the groove 
for the tibialis posterior; and to the posterior lateral malleolar ligament. Below, 
it is attached to the posterior surface of the talus from the deltoid to the lateral 
ligaments. The passage of the flexor hallucis longus tendon over the back of 
the joint serves the purpose of a much stronger posterior ligament. 

The deltoid ligament (fig. 330) is attached superiorly to the medial malleolus 
along its lower border, and to its anterior surface superficial to the anterior liga- 
ment; some very strong fibres are fixed to the notch in the lower border of the 
malleolus, and, getting attachment below to the rough depression on the medial 
side of the talus, form a deep portion to the ligament. The ligament radiates; 
the posterior fibres are short, and incline a little backward to be fixed to the rouch 
medial surface of the talus, close to the superior articular facet, and into the 
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tubercle to the medial side of the flexor hallucis longus groove. The fibres next 
in front are numerous and form a thick and strong mass, filling up the rough 
depression on the medial surface of the talus, whilst some pass over the talo- 
calcaneal joint to the upper and medial border of the sustentaculum tali. The 
fibres which are connected above with the anterior surface of the malleolus pass 
downward and somewhat forward to be attached to the navicular and to the 
margin of the calcaneo-navicular ligament. 

The lateral ligament (figs. 329 and 334) consists of three distinct slips (fas- 
ciculi). The anterior talo-fibular ligament (anterior fasciculus), is ribbon-like 
and passes from the anterior border of the lateral malleolus near the tip to the 
rough surface of the talus in front of the lateral facet, and overhanging the sinus 
peiUs. The calconeo-fibular ligameat (middle fasciculus), is a strong roundish 
bundle, which extends downward and somewhat backward from the anterior 
border of the lateral malleolus close to the attachment of the anterior fasciculus, 
and from the lateral surface of the malleolus, j ust in front of the apex, to a tuber- 
cle on the middle of the lateral surface of the calcaneum. The posterior talo- 

FiQ. 331. — LioAUEMTe seen from the Back of the Ankle-joint. 




fibular ligament (posterior fasciculus), is almost horizontal; it is a strong, thick 
band attached at one end to the posterior border of the malleolus, and slightly to the 
fossa on the medial surface ; and at the other end to the talus, behind the articular 
facet for the fibula, as well as to a tubercle on the lateral side of the groove for 
the Jlexor hallucis lojtgus. 

The middle fasciculus b covered by the tendons of the •peronei lonaut and brtvit; and in 
extanuoQ, the poaterior fascicutus ie received into the pit on the medial surface of the lateral 
malleolue. 

The synovial membrane is very extensive. Besides lining the ligaments of 
the ankle, it extends upward between the tibia and fibula, forming a short cul- 
de-aac as far as the interosseous ligament. Upon the anterior and posterior liga- 
ments it is very loose, and extends beyond the limits of the articulation. It is 
said to contain more synovia than any other joint. 

The nerre-aupplj is from the saphenous, posterior tibial, and the lateral division of the 
anterior tibial. 
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The uterial supply comes from the Bnt«rior tibial, the anterior peroneal, the lat«r^ nuUeolu, 
the posterior tibial, and posterior peroneal. 

Relations. — ^In Front and in contact with the anterior ligaraeot, from medial to lateral 
aspects, are the tendons of the tibialis anterior, the tendon of the extensor hallucis Iodkub, the 
anterior tibial vessels, the anterior tibial nerve, the tendons of the extensor digitoruin longus, 
and the tendon of the peroneus tertiuB. To the medial side of the tibialis anterior and to tlte 
lateral aide of the peroneus tertiue the joint is subcutaneous anteriorly. Behind and laterallj'' 
are the tendons of the peroneus lon^s and brevis. Behind and medially, from medial to 
lateral side, are the tendon of the tibialis posterior, tlie tendon of the flexor diicitorum longiu, 
the posterior tibial vessels, the posterior tibia! nerve, and the tendon of the flexor hallucis lon^us. 
Directly behind is a pad of fat which intervenes between the tendo Achillis and the jomt. 
Below and on the lateral side, crossing the middle fasciculus of the lateral ligament, ai« the- 
tendons of the peroneus longus ard brevis. Below and on the medial side, crossing the deltoid 
ligament, are the tendons of the tibialis posterior and the flexor digitorum longus. 

Hovementa. — This being a true hinge joint, flexion and extension are the only movement* 
of which it is capable, there being no side to side motion, except in extreme extension, when the 
1 part of the talus is thrust forward into the widest part of the tibio-fibular arch. 



\ 




In flexion the talus is tightly embraced by the malleoli, and side to side movement is L_, 
flexion of the ankle-joint ia limited by: — (i) nearly the whole of the fibres of the deltoid ti|_ 
oonebut the most anterior being relaxed; (ii) the posterior and middle portions of thelaimdlin- 
ment, especially the posterior; (lii) the posterior Ugament of the ankle. It ia also limited bj Ute 
neck of the talus abutting on the edge of the tibia. 

In most European ankle-joints the anterior edge of the lower end of the tibia ia kept from 
actual contact with the neck of the talus in positions of extreme flexion by the interrention ol a 
pad of fat situated beneath the anterior extension of the anterior ligament. In races which 
adopt a squatting posture, however, an actual articulation may be developed between tiww two 
bony surfaces, a facet being present both upon the anterior margin of the tibia and upon the nr-*- 

of tbe talus. These faceta are known as "squatting facets" (fig. 333, A) and a ' 

occurrence in ancient bones and in the bones of modem oriental people. 

Extension of the ankle-joint is limited by: — (i) the anterior fibres of the deltoid li., , 

(ii) the anterior and middle portions of the lateral hgament; (iii) the medial and stronflsr filxM 
of the anterior ligament. It is also limited by the posterior portion of the talus meeting with the 
tibia. Thus the middle portion of the lateral ligament is always on the stretch, ovmp to it> 
obliquely backward direction, whereby it limits flexion; and its attachment to the fibula in front 
of the malleolar apex, wheretiy it prevents over-extension as soon as the foot be^na to twist 
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medialward. This medial twisting, or adduction of the foot, is partly due to the greater pos- 
terior length of the medial border of the superior articular surface of the talus, and to the less 
proportionate height posteriorly of the lateral border of that Burface, but chiefly to the side to 
side movement in the talo-calcaneal joints. Flexion and extension take place round a transverse 
axis drawn through the body of the talus. The movement ia not in a direct antero-posterior 
plane, but on a plane inoUned forward and laterally from the middle of the astragalus to the 
ID termcta tarsal joint of the second and third toes, 

Hoscles which act on the ankle-joint.— Fieior*.^TibiaIia anterior, extensor hallucie longus, 
extensor digitonun longus, peroneus lertius. BxteTiiort. — Tibialis posterior, flexor digitorum 
longus, flexor hallucis longus, peroneus longus, peroneus brevis, soleus, gastrocnemius, p&ntaris. 



Fio. 333. — Anterior Aspect op tbb Lower Extremity op the Tibia. 
In A, the articular surface is prolonged upward in front, forming a "squatting facet" which 
articulates with a corresponding facet on the neck of the talua. In B (the usual condition) the 
Hticular surface is conEned to the lower aspect of the bone. 





5. THE TARSAL JOINTS 

These may be divided into the following sub-groups: — 

(a) The talo -calcaneal union. 

lb) The articulations of the anterior portion of the tarsus. 

(c) The medio-tarsal joint. 

(a) The Talo-calcaneal Union 

There are two joints which enter into this union — viz., an anterior and a 
posterior. 

(i) The Posterior Tah-calcaneal Joint 

Class. — Diartkrosis. Subdivision. — Arthrodia. 

The calcaneus articulates with the talus by two joints, the anterior and 
posterior: the former communicates with the medio-tarsal; the posterior is 
separate and complete in itself. At the latter joint the two bones are united by 
an articular capsule with the following ligaments: — 

Interosseous. Lateral talo-calcancal. 

Posterior talo-calcaneal. Medial talo-calcaneal. 

The interosseous ligament (figs. 334 and 335) is a strong band connecting 
the apposed surfaces of the calcaneus and talus along their oblique grooves. It 
is composed of several vertical laminse of fibres, with some fatty tissue in between. 
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It is better marked, deeper, and broader laterally. Strong laminse extend from the rough 
inferior and lateral surfaces of the neck of the talus to the rough superior surface of the calcaneus 
anteriorly, forming the posterior boundaiy of the anterior talo-calcaneal joint; these have been 
described as the anterior (interosseous) ligament. The posterior laminse extend from the roof 
of the sinus pedis to the calcaneus immediately in front of the lateral facet, thus forming the 
anterior part of the capsule of the posterior jomt. 

The lateral talo -calcaneal ligament (fig. 334) extends from the groove just below and in 
front of the lateral articular facet of the talus, to the calcaneus some little distance from the articu- 
lar margin. Its fibres are nearlv parallel with those of the calcaneo-fibular ligament of the 
ankle, which passes over it and adds to its strength. It fills up the interval between the calcaneo- 
fibular and anterior talo-fibular ligaments, a considerable bundle of its fibres blending with the 
anterior border of the calcaneo-fibular. 

The posterior talo-calcaneal ligament passes from the lateral tubercle of the talus and lower 
ed^ of tne groove for the flexor hallucis longus to the calcaneus, a variable distance from the 
articular margin. 

The medial talo-calcaneal ligament includes two portions. The first is a narrow band of 
well-marked fibres passing obliquely downward and forward from the medial tubercle of the 
talus, just behind the medial end of the sinus tarsi, to the calcaneus behind the sustentaculum 
tali, thus completing the floor of the groove for the flexor hallucis longus tendon. The second 
portion, which is often considered a separate ligament, is described below with the anterior 
talo-calcaneal joint. 

The synovial sac is distinct from any other. 

The nerve-supply is from the posterior tibial or one of its plantar branches. 

The arteries are, a branch from the posterior tibial, which enters at the medial end of the 
sinus pedis; and twigs from the tarsal, lateral malleolar, and the peroneal, which enter at the 
lateral end of the sinus. 

(ii) The Anterior Talo-calcaneal Joint 

Class. — Diarthrosis. Subdivision. — Arthrodia. 

This joint is formed by the anterior facet on the upper surface of the calcaneus 
and the facets on the lower surface of the neck and head of the talus; it is bounded 
on the sides and behind by ligaments, and communicates anteriorly with the 
talo-navicular joint. The ligaments are: — 

Interosseous. Medial talo-calcaneal. 

Lateral calcaneo-navicular. 

The interosseous ligament by its anterior laminse limits this joint posteriorly. It has been 
already described. 

The medial talo-calcaneal ligament (second portion; see above) consists of short fibres at- 
tached above to the medial surface of the neck of the talus, and below to the upper edge of the 
free border of the sustentaculum tali, blending posteriorly with the medial extremityof the inter- 
osseous ligament, and anteriorly with the upper border of the plantar calcaneo-navicular liga- 
ment. It is strengthened by the deltoid ligament, the anterior fibres of which are also attached 
to the plantar calcaneo-navicular hgament. 

The lateral calcaneo-navicular (figs. 334 and 335) limits this, as well as the talo-navicular 
Joint, on the lateral side. It is a strong, well-marked band, extending from the rough upper sur^ 
face of the calcaneus, lateral to the anterior facet, to a slight groove on the lateral simace of 
the navicular near the posterior mar^n. It blends below with the plantar calcaneo-navicular, 
and above with the talo-navicular hgament. Its fibres run obliquely forward and mediallv. 
The deltoid ligament and middle fasciculus of the lateral ligament of the ankle-joint also add 
to the security of these two joints, and assist in limiting movements between the bones by pass- 
ing over the talus to the calcaneus. 

The synovial membrane is the same as that of the talo-navicular joint. The arteries and 
nerves are derived from the same sources as those of the medio-tarsal joints. 

The movements of which these two joints are capable are adduction and abduction, with 
some amount of rotation. Adduction, or inclination of the sole medial ward, is combined with 
some medial rotation of the toes, and some lateral rotation of the heel; while abduction, or in- 
clination of the foot lateralward, is associated with turning of the toes laterally and the heel 
medially. Thus the variety and the range of movements of the foot on the leg, which at the ankle 
are almost limited to flexion and extension, are increased. The cuboid moves with the calca- 
neus, while the navicular revolves on the head of the talus. 

In walking, the heel is first placed on the ground; the foot is slightly adducted; but as the 
body swings forward, first the lateral then the medial toes touch the ground, the talus presses 
agamst the navicular and sinks upon the plantar calcaneo-navicular ligament; the foot then 
becomes slightly abducted. When the foot is firmly placed on the groimd, the weight is trans- 
mitted to it obliquely downward and medially, so that if the ligaments between the calcaneus 
and talus did not check abduction, medial displacement of the talus from the tibio-fibular arch 
would only be prevented by the tendons passmg round the medial ankle (especially the ttbialU 
posterior). If the ligaments be too weak to limit abduction, the weight of the body increases it, 
and forces the medial malleolus and talus downward and medially, giving rise to flat foot. 

The advantages of the obliquity and pccuUar arrangement of the posterior talo- 
calcaneal articulation are seen in walking: — (i) for the posterior facet of the calcaneus receives 
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the whole weight of the body when the heel is first placed on the ground; (ii) by the upward 
pressure of this facet against the talus it traDsfers the weight to the b&tl of the toes as the heel 



Fia. 334. — Latebai. View 



Foot and Akkle, 




(&) The Articulations of the Anterior Part of the Tarbds 

These include (i) the cuboideo-navicular; (ii) cuneo-navicul&r; (iii) inter- 
cuDPiforra; and (iv) cuneo-cuboid joints. 



(i) The Cuboideo-navicular Umon 

Class. — DiarlhTosis. Subdivision. — Artkrodia. 

The joint cavity is only occasionally present and this joint is often included 
in the transverse tarsal. 

The ligaments which unite the cuboid and navicular are: — 

Dorsal. Plantar. Interosseous. 

The dorsal cuboideo-nivicular ligament (fig. 334) runs forward and laterally from the 
lateral end of the dorsal surface of the navicular to the middle third of the medial border of the 
cuboid on its dorsal aspect, pasaing over the posterior lateral angle of the third cuneiform bone. 
It is wider laterally. 

The plantar cuboideo-navicular ligament is a well-marked strong band, which runs forward 
and laterally, from the plantar surface of the navicular to the depression on the medial surface 
of the cuboia, and slightly into the plantar surface just below it. 

The interosseous cuboideo-navicular ligament is a strong band which passes between the 
apposed surfaces of these bones from the dorsal to the plantar ligaments. Some of its posterior 
fiorea reach the plantar surface of the foot behind the cuboideo-navicular ligament, and radiate 
laterally and backward over the medial border of the cuboid to blend with the anterior ex- 
tremity of the plantar calcaneo-ouboid ligament. 
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(ii) The Cuneo-navicular Articulation 

Class. — Diarthrosis. Subdivision. — Arthrodia. 

The ligaments uniting the navicular with the three cuneiform bones are : — 

Dorsal. Plantar. 

Medial. 

The dorsal cuneo-navicular ligament is very strong, and stretches as a continuous structure 
on the dorsal surface of the navicular, between the tubercle of the navicular on the medial side, 
and the dorsal cuboideo-navicular Ugament laterally, passing forward and a little laterally to 
the dorsal surfaces of the three cuneiform bones. 

The medial cuneo-navicular ligament is a very strong thick band which connects the tuber- 
cle of the navicular with the medial surface of the first cuneiform bone. It is continuous 
with the dorsal and plantar ligaments. Its lower border touches the tendon of the tiMoiif 
posterior. 

The plantar cuneo-navicular ligament forms, like the dorsal, a continuous structure ex- 
tending between the plantar surfaces of the bones. Its fibres pass forward and Laterally. It 
is in relation below with the tendon of the tibialU posterior. 

^It must be noticed that the expanded tendon of insertion of the tibialis posteriory and the 
ligaments uniting the navicular with the cuboid and cuneiform bones, pass forward and later- 
aUy, while the peroneus longus tendon and the ligaments uniting the first and second rows of 
bones, except the medial half of the dorsal talo-navicular ligaments, pass forward and medially. 
This arrangement is admirably adapted to preserve the arches of the foot, and especially the 
transverse arch. Had these tendons and ligaments run directly forward, all the strain on the 
transverse arch would have fallen on the interosseous ligaments, but as it is, the arch is braeed 
up by the above-mentioned structures. 

(iii) The Intercuneiform and (iv) The Cuneo-cuboid Articulations 

Class. — Diarthrosis, Subdivision — Arthrodia, 

The uniting ligaments of these bones are divided into three sets: — 

Dorsal. Plantar. 

Interosseous. 

The dorsal Ugaments are three in number, two, the dorsal intercuneifonn, connecting the 
three cuneiform bones, and a third, the dorsal cuneo-cuboid, uniting the third cuneiform ^th 
the cuboid. They pass between the contiguous margins of the bones, and are blended behind 
with the dorsal ligaments of the cuboideo-navicular and cuneo-navicular joints. 

The plantar ligaments are two in number: a very strong one, the plantar intercuneifonn, 
passes laterally and forward from the lateral side of the base of the first cuneiform to the apex 
of the second cimeiform, winding somewhat to its lateral side. The second, the plantar cimeo- 
cuboid. connects the apex of the third cuneiform with the anterior half of the medial surface of 
the cuDoid along its plantar border, joining with the plantar cuboideo-navicular ligament 
behind. 

The interosseous Ugaments are three in number. Thev are strong and deep masses of 
ligamentous tissue which connect the second cuneiform w^ith the first and third cuneiform bones, 
and the third cuneiform with the cuboid; occupying all the non-articular portions of the apposed 
surfaces of the bones. The ligaments extend the whole vertical depth between the second cunei- 
form and the third, and the third cuneiform and the cuboid, and blend with the dorsal and 
plantar ligaments; the^ are situated in front of the articular facets, and completely shut off 
the synovial cavity behind from that in front. The ligament between the first and second cunei- 
form bones occupies the inferior and anterior two-thirds of the apposed surfaces^ and does not 
generally extend high enough to separate the synovial cavity of the anterior tarsal joint from that 
of the second and third metatarsal and cuneiform bones. If it does extend to the dorsal sur- 
face, it divides the facets completely from one another, making a seventh synovial sac in the 
foot. 

The synovial cavity will be described later on. 

The arterial supply is from the metxitarsai and plantar arteries. 

The nerves are derived from the deep peroneal and medial and lateral plantar. 
The movement permitted in these joints is very limited, and exists only for the purpose of 
adding to the general pliancy and elasticity of the tarsus without allowing any sensible 
alteration in the position of the different parts of the foot, as the medio-tarsal and talo-cal- 
cancal joints do. It is simply a gUding motion, and either deepens or widens the transverse 
arch. The third cuneiform being wedged in between the others is less movable, and so forms 
a pivot upon which the rest can move. Tlie movement is more produced by the weifdit of 
the body than by (Jirect muscular action; and of the musfles attached to this part of the 
tarsus, all deepen the arch save the tibialis anterior, wliich pulls the first cuneiform up, and 
so tends to widen it. 
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(c) Tbb T&ansvsbbb Tarsal Jowtb 

The articulatioiiB of the anterior and posterior portions of the tarsus, although 
in the same transverse line, consist of two separate joints, vis., (i) a medial, the 
talo-navicular, which communicates with the anterior talo-calcaneal articulation; 
and (ii) a lateral, the calcaneo-cuboid, which is complete in itself. The move- 
mente of the anterior upon the posterior portions of the foot take place at these 
joints simultaneously. It will be most convenient to deal with the joints sepa- 
rately as regards the ligaments; while the arteries, nerves, and movements will - 
be considered together. 

(i) The Talo-nanadar Artiadalion 

Class. — Diarthrosia. Subdivision. — Enarthrodia. 

This is the only ball-and-socket joint in the tarsus. It communicatee with 
the anterior talo-calcaneal articulation, and two of the ligaments which close it in 
do not touch the talus, but pass from the calcaneus to the navicular. The uniting 
ligaments include, in addition to the articular capsule, the following: — 

lateral calcaneo-navicular. Plantar calcaneo-nancular 

Talo-navicular. 

The latent ealouioo-iuivlcular h&s been already described (p. 302). 

Tbe plantar calcaneo-naTlculai ligament (figs. 335 and 33S) is an ezoeedingljr denae, thidr 
plat« of nbro-elaatic tissue. It extends from the eustentaculum tali and the under aurfaoe of 
tbe calcaneus in front of a ridge curving laterally to the anterior tubercle of that bone, to the 




whole width of the inferior surface of the navicular, and also to the medial surface of the navicular 
behind the tubercle. Medially it is blended with the anterior portion of the deltoid ligament <rf 
tbe ankle, and laterally with tbe lower border of the lateral calcaneo-navicular li^mtent. It 
ia thiokeat along the medial border. Its upper surface loses the well-marked Gbroua appear* 
anoe which tbe ligament has in the sole, and becomes smooth and faceted. In contact 
with the nnder suifaoe of the ligament the tendon of the tibiaUt potttrior paases, giving consider- 
able support to the head of the talus by assisting the power and proteot^ig ute sprmg of the 
ligament. The fibres of the ligament run forward and medially. On account of its elasticity it 
is aometimea termed the spring llgamesti 



S06 



THE ARTICULATIONS 




The talo-naviculkr ligRinent is a liroad, tbiu, but well-marked layer of fibres which p 
from the dorsal aod lateral Hurfaces of ihe neck of the Ulue lo the n-hole length of the donal 
surface of the navicular. Many of the fibres converge la their insertion on the n&vicuUr. Tbe 
fibres low down on the lateral side bleed a little way from their oriBin with the upper edge ot 
the lateral calcaneo-navicular ligament, and then pass forward andmediallv to thenaviciihU': 
those next above pass obliquely and with a distinct twist over the upi>er and lateral aide of the 
head of the talus to the centre of the dorsum of the navicular, overlapping Sbres from the medisl 
aide of the talus as well as some from the anterior ligament of the ankle-joint, 

S^ovi^ membrane. — The talo-navicular is lined by the same synovial membrane fl 
anterior talo-calcaneal joint. 



(ii) The Calcaneo-cuboid Articulation 

SubdivisioQ. — Saddle-shaped Arthrodia. 



Class. — Diarlkrosis. Subdii 

The ligaments which are supplementary to the articular capsule and 
the bones forming the outer part of the medio-tarsal joint are: — 



Medial calcaneo-cuboid. 
Long plantar. 



Dorsal calcaneo-cuboid. 
Plantar calcaneo-cuboid. 



n 



The medial calcaneo-cuboid UEBment (lig. 335} is a strong band of fibres attached I 
calcaneus along the medial part of the Don-articular ridge above the articular facet for the cuboid^ 
and also Co the upper part of the medial surface close to the articular margin, and paaaea f< 
to be attached to the depression on the medial surface of the cuboid, and also to the rougl 

Fio. 336.— LioAME. 




between the medial and inferior surfaces. At the calcaneus this ligament is oloMly ml 
with the lateral calcaneo- navicular U^ment. Toward the sole it ie connected with the 
ealc*ne<xuboid ligament, and superiorly with the dorsal calcaneo-cuboid. 

Tb« domU calcaneo-cuboid (fis. 335) is attached to the dorsal eurfucee of the two 
extending low down laterally to blend with the lateral part of the plantar caleone 
ll^ment. Over the medial tulf, or more, the ligament stretrhee some distance beyond 



iro bonei, t 
eo-euboid il 
llfatniM- 
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Tbe long ptantar ligament (lig. 33Gj is b. strong, dense band of fibres which ia attached pos- 
teriorly to the whole of the inferior surface of the cidcaDeus between the posterior tuherelee and 
the rounded eminence {the anterior tubercle) at the anterior end of the bone. Most of il« fibres 
pasa directly forward, and are fixed to the lateral two-thirds or mora of the oblique ridge behind 
the peroneal groove on the cuboid, while some pass further forward aod medially, expandinE 
into a broad layer, and are inserted into the bases of the second, third, fourth, and medial hau 
of the fifth metatarsal bones. This anterior expanded portion completes the canal for the 
peroneus hngm Undon, and from its under surface arise the oblique adductor haliucit and the 
fitxor quinli digili hrefia muscles. 

The plantar calcaneo-cuboid (short plantar) (fig. 336) is attached to the rounded eminence 
(anterior tubercle) at the anterior end of the under surface of the calcaneus, and to the bone in 
front of it, and then takes an oblique course forward and medially, and is attached to the whole 
of the depressed inferior surface of the cuboid behind the oblique ridee, except its lateral angle. 
It is strongest near its lateral ed^, and is formed by dense strong fibres. 

The synovial membrane ia distinct from that of any other tarsal joint. 

The arterial supply of the medio-tarsal joints is from the anterior tibial, from the tarsal 
and metatarsal branches of the dorsalis pedis, and from the plantar arteries. 

The nerre-sup^ly of the medio-tarsal joints is from the lateral division of the deep 
peroneal, and occasionally from the superficial peroneal or lateral plantar. 

Relations.— On the dorsal aspect of the mid-tarsal joint lie the tendons of the tibialis 
anterior, extensor haUucis longus, extensor digitorum longus, and peroneus tertius, the muscular 
part of the extensor digitorum brevis, the dorsalis pedis artery, and the anterior tibial nerve. 
On its plantar aspect are the tendons of the flexor digitorum longus and hallucis longus. quadratus 
plAnte (accesi^orius), and the medial and lateral plantar vessels and nerves. It is crossed lat«r- 
aJly by the tendons of the peroneus longus and brevis and medially by the tendon of the tibialis 
posterior. 

The movements which take place at the medio-tarsal joints arc mainly flexion and extension, 
with superadded side-to-side and rotatory movements, flexion at these joints is simultaneous 
with extension of the ankle, and vict vrrsa. Flexion and extension do not take place upon a 
transverse, but round an oblique, axis which passes from the medial to the lateral side, and some- 
what backward and downward through the talus and calcaneus. 

Combined with flexion and extension is also some rotatory motion round an antero-posterior 
axis which turns the medial or lateral border of the foot upward. There is also a fair amount 
of side-to-side motion whereby the foot can be inclined medially (i. e., adducted) or laterally 
(L e J, abducted). 

These movements of the medio-tarsal joint occur in conjunction with those of the ankle 
and talo-calcancal joints. Potation at the talo-cakaneal joint is, however, round a vertical 
axis in a horiiontal plane, and so turns the toes medially or laterally; whereas at the medio- 
tarsal union the axis is a ntero- posterior and the medial or lateral edge of the foot is turned up- 
ward. Gliding at the talo-calcaneal joint elevates or depresses the edge of the foot, while at 
the medio-tarsal it adducts or abducts the toes without altering the relative position of the cal^ 
caneus to the talus. 

Thus flexion at the medio-tarsal joint is associated with adduction and medial rotation 
of the foot, occurring simuttaoeously with extension of the ankle; and extension at the medio- 
tarsal joint La associated with abduction and lateral rotation, occurring simultaneously with 
flexion of the ankle. 

Flexion and medial rotation are far more free than extension and lateral rotation, which 
latter movements are arrested by the ligamentsoE thesoleassoonas the foot is brought into the 
position in which it rests on the ground. 

Althou^ the talo-navicular is a ball-and-socket joint, yet, owing to the union of the 
navicular with the cuboid, its movements are Umited by the shape of the calcaneo-cuboid joint; 
this latter bein^ concavo-convex from above downward, prevents rotation round a vertical axis, 
knd also any side-to-aide motion except in a direction ooliquely downward and medially, and 
upward and laterally. This ia also the direction of freest movement at the talo-navicular joint. 
Movement is also limited by the ligamentous union of the calcaneus with the navicular. The 
twisting movement of the foot, such as turning it upon its medial or lateral edge, and the increase 
or diminution of the arch, take place at the tarsal joints, especially the medio-tarsal and talo- 
calcaneal articulations. Here too those changes occur which, owing to paralysis of some mus- 
cles or contraction of others, result in talipes equino-varus, or valgtia. 

Huscles which act on the mid-tarsal jomt. — Medial rotalora. — Tibialis anterior and ^MSterior 
acting simultaneously; they are aided bv the flexor digitorum longus and flexor hallucis longus. 
hatfTtd rolalors. — The peronei longus, orevis, and tertius, acting simultaneously. Thoy ore 
" d by the extensor digitorum longus. 



6. THE TARSO-METAT.\RSAL ARTICLTLATIONS 
There may be said to be three articulations between the tarsus and metatarsus, 



(a) The medial, between the first cuneiform and first metatarsal bones. 

(6) The intermediate, between the three cimeiform and second and third 
P metatarsal bones. 

(c) The lateral, or cubo-metatarsal, between the cuboid and fourth and fifth 
■jnetataraal bones. 
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THE ARTICULATIONS 



The talo^UTlcnlar Ugunent is a, broad, thin, but well-marked layer of fibres which passes 
from the dorsal and lateral surfaces of the neck of the talus to the nhole length of the dorsal 
surface of the navicular. Many; of the fibres converge to their insertion on the navicular. The 
fibre* low down on the lateral side blend a little way from their oridn with the upper edee ol 
the iat«ral calcaneo-navicular ligament, and then pass forward aaa medially to the navicular; 
those next above pass obliquely and with a distinct twist over the upiwr and lateral aide of the 
head of the talus to the centre of the dorsum of the navicular, overlappingfibres from the medial 
aide of the talus aa well as some from the anterior ligament of the aokle-joiut. 

S^ovial membrane. — The talo-navicular is lined by the same synovial membrane aa the 
Anterior talo-calcaneal joint. 



(ii) The Calcaneo-cuboid Articulation 

Class. — Diartkroais. Subdivision. — Saddle-ahaped Artkrodia. 

Tlie ligamenta which are supplementary to the articular capsule and unite 
the bones forming the outer part of the medio-tarsal joint are: — 



Medial calcaneo-cuboid. 
Long plantar. 



Dorsal calcaneo-cuboid. 
Plantar calcaoeo-cuboid. 



The medial calcaneo-cuboid ligament (fig. 335) is a strong band of fibres attached to the 
ealoaneua along the medial part of the non-articular ridge above the articular facet for the cuboitL 
ftnd also to the upper part of the medial surface close to the articular mar^, and mmm forward 
to be attached to the depression on the medial surface of the cuboid, and also to the rou^ an^ 



FlO. 33S. — LlQAUENTS 




between the medial and inferior surfaces. At the calcaneus this ligament is dosely connected 
with the lateral calcaneo-navicular li^ment. Toward the sole it is connected with the plantar 
oalcaneo-cuboid liKainent, and superiorly with the dorsal calcaneo-cuboid. 

The dorsal calcaneo-cuboid (fig. 335) is attached to the dorsal surfaces of the two bono. 
extending low down laterally to blend with the lateral part of the plantar calcaneo-cuboia 
l^ament. Over the medial lialf, or more, the ligament stretches some distance beyond the mar- 
gins of the articular surfaces, reaching well forward upon the cuboid to be attached about 
aiidwav between its anterior and posterior borders; but toward the lateral side, the ligament 
u much eborter, and is attached to the cuboid behind its tubercle. 
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The long plantar ligament (fig. 336) is a strong, dense band of fibres which is attached pos- 
teriorly to the whole of the inferior surface of the calcaneus between the posterior tubercles and 
the rounded eminence (the anterior tubercle) at the anterior end of the bone. Most of its fibres 
pass directly forward, and are fixed to the lateral two-thirds or more of the oblique ridge behind 
the peroneal groove on the cuboid, while some pass further forward and medially, expanding 
into a broad layer, and are inserted into the bases of the second, third, fourth, and medial haS 
(d the fifth metatarsal bones. This anterior expanded portion completes the canal for the 
peroneus longua tendon, and from its under surface arise the Mique adductor haUucia and the 
Jlexor quinti digiti brevU muscles. 

The plantar calcaneo-cuboid (short plantar) (fig. 336) is attached to the rounded eminence 
(anterior tubercle) at the anterior end of the under surface of the calcaneus, and to the bone in 
front of it, and then takes an oblique course forward and medially, and is attached to the whole 
of the depressed inferior surface ot the cuboid behind the oblique ridge, except its lateral an^e. 
It is strongest near its lateral ed^e, and is formed by dense strong fibres. 

The synovial membrane is distinct from that of any other tarsal joint. 

The arterial supply of the medio-tarsal joints is from the anterior tibial, from the tarsal 
and metatarsal branches of the dorsalis pedis^ and from the plantar arteries. ^ 

The nerve-supply of the medio-tarsal joints is from the lateral division of the deep 
peroneal, and occasionidly from the superficial peroneal or lateral plantar. 

Relation8.^-On the dorsal aspect of the mid-tarsal joint lie the tendons of the tibialis 
anterior, extensor hallucis longus, extensor digitorum longus, and peroneus tertius, the muscular 
mtrt of the extensor digitorum brevis, the dorsalis pedis artery, and the anterior tibial nerve. 
On its plantar a8j)ect are the tendons of the flexor digitorum longus and hallucis longus, quadratus 
plant® (acceseorius), and the medial and lateral plantar vessels and nerves. It is crossed later- 
ally bjr the tendons of the peroneus longus and brevis and medially by the tendon of the tibialis 
posterior. 

The movements which take place at the medio-tarsal joints are mainly flexion and extension, 
with superadded side-to-side and rotatory movements. Flexion at these joints is simultaneous 
with extension of the ankle^ and vice versa. Flexion and extension do not take place upon A 
transverse, but round an obbque, axis which passes from the medial to the lateral siae, and some- 
what backward and downward throu^ the talus and calcaneus. 

Combined with flexion and extension is also some rotatory motion round an antero-posterior 
axis which turns the medial or lateral border of the foot upward. There is also a fair amount 
of side-to-side motion whereby the foot can be inclined medially (i. e., adducted) or laterally 
(i. e^abducted). 

These movements of the medio-tarsal joint occur in conjunction with those of the ankle 
and talo-calcaneal joints. Rotation at the talo-calcaneal jomt is, however, round a vertical 
axis in a horizontal plane, and so turns the toes medially or laterally; whereas at the medio- 
tarsal union the axis is antero-posterior and the medial or lateral edge of the foot is turned up- 
ward. Gliding at the talo-calcaneal joint elevates or depresses the edge of the foot, while at 
the medio-tarsal it adducts or abducts the toes without altering the relative position of the cal- 
caneus to the talus. 

Thus flexion at the medio-tarsal joint is associated with adduction and medial rotation 
of the foot, occurring simultaneously with extension of the ankle; and extension at the medio- 
tarsal joint is associated with abduction and lateral rotation, occurring simultaneously with 
flexion of the ankle. 

Flexion and medial rotation are far more free than extension and lateral rotation^ which 
latter movements are arrested by the ligaments of the sole as soon as the foot is brought mto the 
position in which it rests on the ground. 

Although the talo-navicular is a ball-and-socket joint, yet, owing to the union of the 
navicular with the cuboid, its movements are limited by the shape of the calcaneo-cuboid joint; 
this latter bein^ concavo-convex from above downward, prevents rotation round a vertical axis, 
and also any side-to-side motion except in a direction ooliquely downward and medially^ and 
upward and laterally. This is also the direction of freest movement at the talo-navicular joint. 
Movement is also limited by the ligamentous union of the calcaneus with the navicular. The 
twisting movement of the foot, such as turning it upon its medial or lateral edge, and the increase 
or diminution of the arch, take place at the tarsal joints, especially the medio-tarsal and talo- 
calcaneal articulations. Here too those changes occur which, owing to paralysis of some mus- 
cles or contraction of others, result in talipes equino-varus, or vidgus. 

Muscles which act on the mid -tarsal joint. — Medial rotators. — Tibialis anterior and posterior 
acting simultaneously; they are aided bv the flexor digitorum longus and flexor hallucis longus. 
Lateral rotators. — The peronei longus, brevis, and tertius, acting simultaneously. They are 
aided by the extensor aigitorum longus. 

6. THE TARSO-METATARSAL ARTICULATIONS 

There may be said to be three articulations between the tarsus and metatarsus, 
viz.: — 

(a) The medial, between the first cuneiform and first metatarsal bones. 

(b) The intermediate, between the three cuneiform and second and third 
metatarsal bones. 

(c) The lateral, or cubo-metatarsal, between the cuboid and fourth and fifth 
metatarsal bones. 
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(a) The Medial Tarso-metatabsal Joint 

Class. — Diarthrosis. Subdivision. — Arthrodia. 

A complete articular capsule unites the first metatarsal with the first cunei- 
form, the fibres of which are very thick on the inferior and medial aspects; those 
on the lateral side pass from behind forward in the interval between the interos- 
seous ligaments wluch connect the two bones forming this joint with the second 
metatarsal. The ligament on the plantar aspect is by far the strongest, and 
blends at the cuneiform bone with the cuneo-navicular ligament. 

(6) The Intermediate Tarso-metatarsal Joint 

Class. — Diarthrosis. Subdivision. — Arthrodia. 

Into this union there enter the three cuneiform and second and third meta- 
tarsal bones, which are bound together by the following ligaments (supplementary 
to the articular capsule) : dorsal, plantar, interosseous. 

The dorsal ligaments. — 1. Some short fibres cross obliquely from the lateral edge of the 
first cuneiform bone to the medial border of the base of the second metatarsal bone; they take 
^e place of a dorsal metatarsal ligament, which is wanting between the first and second meta- 
tarsal bones. 

2. Between the second cuneiform and the base of the second metatarsal bone some fibres 
run directly forward. 

3. The third cuneiform is connected with (1) the lateral corner of the second metatarsal 
bone by a narrow band passing obliquely medially; (2) with the third metatarsal by fibres 

Eassing directly forward; and (3) with the fourth metatarsal by a short band passing obliquely 
kterally to the medial edge of its base. 

The plantar ligaments. — A strong ligament unites the first cuneiform and the bases of the 
second and third metatarsal bones. The tibialis posterior is inserted into these bones dose 
beside it. Other slender ligaments connect the second cimeif orm with the second, and the third 
cuneiform with the third metatarsal bones. 

The interosseous Ugaments. — (1) A strong broad interosseous li^ment extends between 
the lateral surface of the first cuneiform and the medial surface of the oase of the second meta- 
tarsal bone. It is attached to both bones below and in front of the articular facets^ and aepar 
rates the intermediate from the medial tarso-metatarsal joint. (2) A second band is attached 
behind to a fossa on the anterior and lateral edge of the third cuneiform and to the interosseous 
ligament between it and the cuboid, and passes horizontally forward to be attached to the whole 
depth of the fourth metatarsal bone behind its medial facet, and to the opposed surfaces of the 
third and fourth below the articular facets upon their sides. It separates the middle tarso- 
metatarsal, and intermetatarsal between the third and fourth bones, from the cubo-metatarsal 
i'oint. It IS more firmly connected with the third bone than with the fourth. (3) A slender 
igament composed only of a few fibres often passes from a small tubercle on the medial and an- 
terior edge of the third cuneiform to a groove on the lateral edge of the second metatarsal bone 
between the two facets upon their sides. 

The synovial membrane is prolonged forward from that of the naviculari-cuneiform and 
inter-cuneiform articulations. 

The arteries for the tarso-metatarsal joints are derived: — (1) for the medial, from the dor- 
salis pedis and medial plantar; (2) for the rest, twigs from the arcuate and deep plantar arch. 

The nerve -supply comes from the deep peroneal and plantar nerves. 

The movements permitted at these joints are flexion and extension of the metatarsus on 
the tarsus; and at the medial and lateral divisions, slight adduction and abduction. In the 
lateral, the side-to-side motion is freer than in the medial joint, and freest between the fifth 
metatarsal bone and the cuboid. In the medial joint, flexion is combined with slight abduction 
and extension with abduction. 

There is also a little gliding, which allows the transverse arch to be increased or diminished 
in depth; the medial and lateral two bones sliding downward, and the two middle a little 
upward, when the arch is increased; and vice versa when the arch is flattened. 

(c) The Lateral or Cubo-metatarsal Joint 

Class. — Diarthrosis. Subdivision. — Arthrodia. 

The bones comprising this joint are the fourth and fifth metatarsal and the 
anterior surface of the cuboid, firmly connected on all sides by the articular cap- 
sule, strengthened by the following ligaments : — 

Dorsal. Plantar. Interosseous. 

The plantar cubo-metatarsal Ugament is a broad, well-marked ligament, which extends 
from the cuboid behind to the bases of the fourth ana fifth metatarsal bones in front. It is 
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m Bnt«, thiu completing the capsule below. It is not & thick Htmcture, aad to see it the loos 
plantar ligament, the peroneua longua, and lateral slip of the tibialis posterior must be removed; 
the Attachment of these structures to the fourth and fifth metatarBal bones considerably aasiBta 
to unite them with the tarsus. 

The dorsAl cubo-metatarsal ligament is composed of fibres which pass obliquely outward 
and forward from the cuboid to the bases of the fourth and fifth metatarsal bones. They com- 
pleta tike capsule above, and are continuous laterally with the lateral cubo-metatarsal ligament. 

The interosseous l^[«ment shuts oS the cubo-metatarsal from the middle tarso-metatarsal 
joint. It is attached to the third cuneiform behind, and to the whole depth of the fourth meta- 
tarsal behind its medial facet, and to the apposed surfaces of the third and fourth bones below 
their articular facets. It is continuous below with the plantar ligament. 



Relations. — The line of the tarao-metatarsal joints is crossed dorsally by the tendons of 
the long and short extensor muscles of the toes and the tendon of the peroneue tertius. On 
the i^antar aspect it is in relation with the oblique adductor of the great toe, the shortflezor 
of the great toe, the lat^^ plantar artery, and the tendon of the peroneus lon^. Its medial 
end is subcutaneous except that it is crossed, near the plantar surface, by a slip of the tendon 
at the tibialis anterior, and its lateral end is crossed by the tendon of the peroneus brevis. 

Fio. 337. — SECTION TO SHOW the Synovial Cavttibs or the Foot. 




1. Cabo-m>tatuuL 

7. THE INTERMETATARSAL ARTICULATIONS 



Class. — DiartkrosiB. 



SubdivisioQ. — Arthrodia. 



The bases of the metatarsal bones are firmly held in positioii by dorsal, plantar, 
and interosseous ligaments, supplementing the articular capsules. The first 
occasionally articulates by means of a distinct facet with the second metatarsal 
(figs. 245 and 246). 

The dorsal ligaments are broad, membranous bands passing between the four lateral toea 
OD their dorsal aspect; but in place of one between the first and second metatarsal bonw, a 
ligament extends from the first cuneiform to the base of the second metatarsal bone. 

The (dtntar ligaments are strong, tliick, well-marked Ugaments which connect the bones on 
theirplantat aspect. 

lue interosseous tiraunents are three in number, very strong, and are situated at the points 
of union of the shaft wiUi the bases of the bones, and fill up the sulci on their sides. They limit 
the synovial cavities iu front of the synovial facets. 

The common synovial membrane of the tarsus eiKtends between the second and third, and 
third and fourth bones; that of the cubo-metatarsal joint extending between the fourth and fifth. 

The arterial and nerve-supply is the same as for the tarso-metatarsal joints. 

The movements consist merely of gliding, so as to allow the raising or widening of the 
transverse arch. Considerable flexibility and elasticity are thus given (o the anterior part of 
the foot, enabling it to become moulded to the irregularities of the ground. 

The Union of the Heads of the Metatarsal Bones 

The beads of the metatarsal bones are connected on their plantar aspect by 
the transverse ligament [Ligg. capitulorum tranBvere&\, <icrtt&Sa\!m.ttAlwsNitaiSia, 
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pf fibres passing transversely from bone to bone, blending with the fibro-cartilagi- 
nous or sesamoid plates of the metatarso-phalangeal joints, and the sheaths of the 
flexor tendons where they are connected with the fibro-cartilages. It differs 
from the corresponding ligament in the hand by having a band from the first to 
the second metatarsal bone. 

8. THE METATARSO-PHALANGEAL ARTICULATIONS 

(a) The Metatarso-phalangeal Joints of the Four Lateral Toes 

Class. — Diarthrosis. Subdivision. — Condylarthrosia. 

These joints are formed by the concave proximal ends of the first phalanges 
articulating with the rounded heads of the metatarsal bones, and united by 
articular capsules strengthened by the following ligaments : — 

Collateral. Dorsal. Plantar accessory. 

The two collateral ligaments are strong bands passing from a ridge on each side of the head 
of the metatarsal bone to the sides of the proximal end of the first phalanx, and also to the sides 
of the sesamoid plate which unites the two bones on their plantar surfaces. On the dorsal 
aspect they are imited by the dorsal ligament. 

The dorsal ligament consists of loose fine fibres of areolo-fibrous tissue, extending between 
the collateral ligaments, thus completing a capsule. It is connected by fine fibres to the under 
surface of the extensor tendons, which pass over and considerably strengthen this portion of the 
capsule. 

The plantar accessory ligament or sesamoid plate helps to deepen the shallow facet of the 
phalanx for the head of the metatarsal bone, and corresponds to the accessory volar ligament of 
the fingers. It is firmly connected to the collateral ligaments and the transverse ligament, and 
is grooved inferiorly where the flexor tendons pass over it. It serves to prevent dorsal disloca- 
tion of the phalanx. 

The second metatarso-phalangeal joint is 6 mm. (i in.) in front of both the first and third 
metatarso-phalangeal joints. 

The third metatarso-phalangeal joint is 6 mm. (1 in.) in front of the fourth, and the fourth 
9 mm. (I in.) in front of the fifth. 

The head of the fifth metatarsal is in line with the neck of the fourth. 

Thus the lateral side of the longitudinal arch of the foot is shorter than the medial, it is 
also distinctly shallower. 

(6) The Metatarso-phalangeal Joint of the Great Toe 

The metatarso-phalangeal joint of the great toe differs from the rest in the 
following particulars: — 

(1) The bones are on a larger scale, and the articular surfaces are more extensive. 

(2) There are two grooves on the plantar surface of the metatarsal bone, one on each side 
of the median line, for the sesamoid bones. 

(3) The sesamoid bones replace the accessory plantar ligament (sesamoid plate). They 
are two small hemispherical bones developed in the tendons of the flexor hallucis brevis, convex 
below, but flat above where they play in grooves on the head of the metatarsal bone; they are 
uniteaby a strong transverse ligamentous Dand, which is smooth below and forms part of the 
channel along which the long flexor tendon plays. They are firmly united to the base of the 
phalanx by strong short fibres, but to the metatarsal bone they are joined by somewhat looser 
fibres. At the sidfes they are connected with the collateral ligaments and the sheath of the flexor 
tendon. They provide shifting leverage for the flexor halliicis brevis as well as for the flexor 
hallitcis longus. 

The arteries come from the digital and metatarsal branches; and the nerves from the cuta* 
neous digital, or from small twigs of the nerves to the interossei muscles. 

The movements permitted are : flexion, extension, abduction, adduction, and circumduction. 

Flexion is more free than extension, and is limited by the extensor tendons and dorsal liga- 
ments; extension is limited by the flexor tendons, the plantar fibres of the collateral ligaments, 
and the sesamoid plates. The side-to-side motion is possible from the shape of the bony surfaces, 
but is very limited, being most marked in the great toe. It is limited by the collateral ligaments 
and sesamoid plates. 

9. THE INTERPHALANGEAL JOINTS 

Class. — Diarthrosis. Subdivision. — Githglymus. 

The articulations between the first and second and second and third phalanges 
of the toes are similar to those of the fingers, with this important difference, that 
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the bones are smaller and the joints, especially between the second and third 
phalanges, are often ankylosed. The ligaments which unite them include, in 
addition to the articular capsule: — 

Collateral. Dorsal. Accessory plantar. 

The two collateral ligaments are well marked, and pass on each side of the joints from a 
little rough depression on the head of the proximal, to a rough border on the side of the base of 
the distal phalanx of the joint. 

The dorsal ligament is thin and membranous, and extends across the joint from one col- 
lateral ligament to the other beneath the extensor tendon, with the deep surface of which it is 
connected and by which it is strengthened. 

The accessory plantar lisament covers in the joint on the plantar surface. It is a fibro- 
cartila^ous plate, connected at the sides with the collateral ligaments, and with the bones by 
short hgamentous fibres; the plantar surface is smooth, and ^ooved for the flexor tendons. 

The arteries and nerves are derived from the corresponding digital branches. 

The only movements permitted at these joints are flexion and extension. 

At the interphalangeal joint of the great toe there is very frequently a small sesamoid bone 
which plays on the plantar surface of the first phalanx, in the same way as the sesamoid bones 
of the metatarso-phalangeal joint play upon the plantar surface of the head of the metatarsal 
bone. 

Relations of the muscles acting on the metatarso-phalangeal and interphalangeal joints 
of the foot. — If the student will refer to the accounts given of the relations of the correspondins 
joints in the hand and of the actions of the muscles upon those joints, and if he contrasts ana 
compares the muscles of the hand with those of the foot, he wiU readil]^ be able to construct 
tabloi of the relations of the metatarso-phalangeal and interphalangeal joints of the foot, and 
tables of the muscles acting upon the joints. 

References. — A complete bibliography for the joints is given in the "Hand- 
buch der Anatomic und Mechanik der Gelenke," by Professor Rudolf Fick (in von 
Bardeleben's Handbuch der Anatomic). References are also given in the larger 
works on human anatomy by Quain, Rauber-Kopsch, Poirier-Charpy, etc. 
References to the most recent literature may be found in Schwalbe's Jahres- 
berichty the Index Medicus and the various anatomical journals. 
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Acetabular foramen, 174 

notch, 174 
Acetabulum, 169, 173 

Acromial (scapular) extremity of clavicle, 141 
Acromio-clavicular joint, 251 
Acromion angle, 144 

process, 144 
Aoductor, tubercle of femur, 181 
A^er nasi, 88 
Air-cells, mastoid, 72 
Abe of frontal bone, 60 
Alar folds, 291 

Oateral occipito-odontoid or check) liga- 
ments, 223 

processes of ethmoid, 81 
Ah-sphenoid centre, 67 
Allantois, 13 
Alveolar canals, 87 

point, 109 

part of mandible, 96 
maxilla, 87, 90 
Amnion, 9, 10 

Ampulla of semicircular canals, 80 
Anapophysis, 38 

Anatomical neck of humerus, 147 
Anatomy, definition of, 1 
Angle (s), acromion, 144 

infrastemal, 139 

of Louis, 139 

lumbo-sacral, 43 

of mandible, 86 

of maxilla, 88 

of occipital bone, 53 

of parietal bone, 57 

of rib, 127 

sacro-vertebral, 39, 43 

of scapula, 143 

of sternum, 133, 139 

subscapular, 145 
Angular, motion of joints, 214 

process, lateral (zygomatic), 60 
medial, 60 
Angulus Ludovici, 139 
Ankle-joint, 297 

arterial supply, 300 

ligaments of, 298 

movements, 300 

muscles acting upon, 301 

nerve-supply, 299 

synovial membrane of, 299 
Annular ligaments of superior radio-ulnar 

joint, 262 
Antrum of Highmore (maxillary), 87, 90, 111 

maxillaiy, 77, 79 

tympanic (mastoid), 72, 73, 78 
Apertura pyriformis, 108, 112 
Apertures, anterior nasal (nares), 108 

of pelvis, 175, 176 

superior thoracic, 138 
Apex of arytenoid cartilage, 124 

of fibula, 190 

of patella, 185 
Apical dental (suspensory) ligament, 223 
Apophysis of femur, 184 



Appendicular skeleton, 139 
Aquseductus vestibuli, 72, 80, 117 
Aqueduct of Fallopius (facial canal), 72 
Arch, costal, 139 
pubic, 176 
superciliary, 59, 108 
of vertebra, 30 
Arches, of atlas, 32, 33 

branchial, 17 
Archoplasm, 5 

ligament of symphysis pubis, 239 
Arthrodial diarthroses, 212 
Articular capsules of acromio-clavicular joint, 
251 

of articulation of atlas with occiput, 218 

of atlanto-dental joint, 222 

of capitular articulation, 241 

of carpo-metacarpal joint of thumb, 273 

of costo-transverse articulation, 243 

of hip-joint, 277 

of inferior radio-ulnar joint, 264 

of knee-joint, 287 

of lateral atlanto-epistrophic joint, 231 

of mandibular articulation, 215 

of medial tarso-metatarsal articulation, 
308 

of raetacarpo-phalangeal joint of thumb, 
275 

of shoulder-joint. 254 

of sterno-costo-clavicular joint, 248 

of tibio-fibular union, 295 

of vertebral joints, 228 
cartilage, 211 

of shoulder-joint, 255 
disc of acromio-clavicular joint, 251 

of inferior radio-ulnar joint, 264 

of mandibular articulation, 216 

of sterno-costo-clavicular joint, 249 
process of vertebr©, 31 
processes of vertebrse, ligaments connecting, 

228 
Articular tubercle of temporal bone, 71 
Articulation (s), 211 
acromio-clavicular, 250 
ankle, 297 

of anterior parts of tarsus, 303 
atlanto-epistrophic, 220, 221 
of atlas with occiput, 218 
of bodies of vertebrse, 225 
calcaneo-cuboid, 306 
carpal, 268 

carpo-metacarpal, 272 
classification of, 212 
constituents of, 211 
costo-capitular, 241 
costo-chondral, 245 
costo-transverse, 243 
costo-vertebral, 241 
cuboideo-navicular, 303 
cubo-metatarsal, 308 
cuneo-cuboid. 304 
cuneo-navicular, 304 
elbow, 258 
front of thorax, 244 
hip, 276 
interchondral, 246 
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Articulations, intercoccygeal, 238 

intercuneiform, 304 

intermetacarpal, 273 

int^rmetatarsal, 309 

interphalangeal, of fingers, 276 
of toes, 310 

intijrsternal, 244 

knee. 284 

mandibular, 215 

of lower limb, 276 

medio-carpal, 270 

medio-tarsal (transverse tarsal),' 305 

metacarpo-phalangeal, 274 
of thumb, 275 

metatarso-phalangeal, 310 

movements of, 213 

occipito-epistrophic, 223 

of pelvis, 234 

radio-carpal (wrist-joint), 265 

radio-ulnar, 261 

sacro-coccygeal, 237 

sacro-vertebral, 232 

shoulder, 263 

of the skull, 215 

between skull and vertebral column, 218 

stemo-costal, 245 

sterno-costo-clavicular, 248 

synarthrosis, 212 

talo-navicular, 305 

tarsal, 301 

tarso-metatarsal, 307 

tibio-fibular, 295 

transverse tarsal, 305 

of the trunk, 224 

of upper extremity, 248 
' of vertebral column, 225 
Asterion, 101 
Asternal ribs, 127 
Astragalus (talus), 192 
Atlanto-dcntal articular capsule, 222 

articulation, 220 
Atlanto-epistrophic articulation, 220 
central, 221 
lateral, 221 

ligaments, anterior, 221 
posterior, 221 
Atlanto-occipital articular capsule, 218 
articulation, 218 
ligaments, anterior, 218 
posterior, 218 
Atlas and epistropheus, joints between, 220 

description, 32 

development of, 46 

with occiput, articulation of, 218 
Attic of miadle ear, 77 
Auditory foramen, 125 

meatus, external, 75, 108 
internal, 72, 117 
Auricular fissure, 75, 108 

point, 101 
Axial set of bones, 27 

skeleton, 27, 29 
Axis (epistropheus), 33, 47 

B 

Band, ilio-trochant«ric, 280 

tendino-trochanteric, 280 
Bars, hyoid, 119 

mandibular, 119 

metamorphosis of branchial or visceral, 119 

thyreoid, 119 
Base of cranium, 103, 113 

of skull, external, 103 
Basi-bregmatic axis, 112 
Basi-cranial axis, 112 
Basi-facial axis, 112 



Basi-hyal, 100, 119 
Basilar groove, 54 
Basion, 108, 112 
Basi-occipital, 119 
Basi-pharyngeal canal, 63, 67 
Basis cranii, interna, 113 
Basi-sphenoid centre, 67, 1 19 
Bertin, bones of, 67 
Bicipital groove, 148 
Birtn, bones of skull at, 120 
Body(ies) of axis (epistropheus), 33 

of femur, 178 

of hyoid bone, 99 

of ischium, 171 

of pubis, 172 

of radius, 153 

of rib, 127 

of scapula, 141 

of sphenoid, 62 

of sternum, 133 

of ulna, 157 

of vertebra, 30 
Bone(s), astragalus (talus), 191, 192 

of Bertin (sphenoidal conchae), 67 

calcaneus, 191, 196 

capitate (os magnum), 159, 163 

carpal, 159 

clavicle, 139 

cotyloid, 173 

coxal (os iunominatum), 169 

cuboid, 191, 199 

cuneiform, 161, 191, 197 

epipteric, 68, 101 

ethmoid, 81 

of the face, 51 

femur, 198 

fibula, 189 

fifth metacarpal, 167 

fifth metatarsal, 203 

first metacarpal, 165 

first metatarsal, 201 

of foot as a whole, 205 

fourth metacarpal, 167 

fourth metatarsal, 203 

frontal, 59 

greater multangular (trapezium), 159, 16S 

hamate (unciform), 159, 163 

humerus, 146 

hyoid, 99 

incus, 79, 119 

innominate, 169 

inferior nasal concha, 84 

interparietal (inca bone), 57 

lacrimal, 85 

lesser multangular (trapezoid), 159, 162 

of limbs, homology of, 206 

of the low^er extremity, 169 

lunate (semilunar), 159, 161 

malar, 93 

malleus, 79, 119 

mandible, 95 

maxilla, 87 

metacarpal, 164 

metatarsal, 200 

of middle ear, 79 

nasal, 86 

navicular (scaphoid), 159, 160, 191, 196 

occipital, 51 

of orbit, 109 

palate, 91 

parietal, 57 

patella, 184 

phalanges, 167, 203 

pisiform, 159, 162 

pre-m axilla, 89 

radius, 152 

ribs, 126 
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Bones, scapula, 141 

second metacarpal, 166 

second metatarsal, 202 

sesamoid, 168, 204, 275, 317 

of the skull, 51 
at birth, 120 
morphology of, 117 

sphenoid, 62 

stapes, 80, 119 

styloid, 168 

suprasternal, 133 

talus (astragalus), 191, 192 

tarsal, 191 • 

temporal,68 
at birth, 122 
mastoid portion, 68, 71 
petrous portion, 68, 72 
squamous portion, 68, 70 
tympanic portion, 69, 70, 76 

third metacarpal, 166 

third metatarsal, 202 

of thorax, 126 

tibia, 185 

triquetral (cuneiform), 159, 161 

turbinate, 67, 83, 84 

of tympanum, 79 

ulna, 155 

of upper extremity, 139 

vomer, 85 

Wormian, 68 

zygomatic, 93 
Borders (see individual organs). 
Boundaries (see individual parts). 
Branchial arches, 17 

bars, metamorphosis of, 119 

grooves, 17 
Branchiomerism, 16, 17 
Bregma, 101, 112 
Brim of pelvis. 175 
Bulla, ethmoiaal, 84 



Calcaneal pillar. 205 
Calcaneo-cuboia articulation, 306 

ligament^, 306, 307 
Calcaneo-fibular ligament, 299 
Calcaneo-navicular ligament, lateral, 302, 305 

plantar (spring), 305 
Calcaneus (os calcis), 191, 196 
Calcar femorale, 184 
Calcification of bones, 27 
Canal (s), accessory palatine, 103 

alveolar, 87 

basi-pharyngeal, 63 

carotid, 73, 108 

ethmoidal, 61, 83, 110, 113, 126 

facial (Fallopian), 72, 73, 77, 78 

gubernacular, 10(5 

of Huguier. 75, 77, 108 

hypoglossal, 117 

inferior dental, 96 

infra-orbital, 87, 126 

lateral semicircular, 78 

mandibular (inferior dental), 96, 126 

palatine, 92 

pharyngeal, 66, 92, 103 

posterior palatine, 126 

pterygoid (Vidian) canal, 103, 107, 108, 126 

pterygo-palatine, 88, 92, 103 

sacral, 42 

semicircular, 80 

zygomatico-facial, 126 

zygomatico-orbital, 94 
Canaliculi, carotico-tympanic, 74 
Canaliculus cochlea? (ductus perilymphaticus), 
73, 81, 108 



Canaliculus, innominatus, 65 

mastoid^ 73 

tympanic, 73, 108 
Canalis musculo-tubarius, 73, 77, 108 

facialis, hiatus of, 116 
Canine fossa, 87 

Capitate (os magnum) bone, 159, 163 
Capitular (costo-central) articulation, 241 

ligaments of tibio-fibular union, 295 
Capitulum of humerus, 150 
Capsular ligament of elbow-joint, 258 
Capsule, articular, acromio-clavicular, 251 

atlanto-dental, 222 

atlanto-epistrophic, 221 

at Ian to-occipital, 218 

of capitular articulation, 241 

carpo-metacarpal of thumb, 273 

costo-transverse, 243 

of hip-joint, 277 

of knee-joint, 287 

of mandibular articulation, 215 

of medial tarso-metatarsal joint, 308 

of metacarpo-phalangcal joint of thumb, 275 

of shoulder-joint, 254 

of sterno-costo-clavicular joint, 248 

of tibio-fibular union, 295 

of vertebral joints, 228 
Carotico-clinoid foramen, 65 
Carotico canaliculi, 74 
Carotid canal, 73, 108 

groove, 64 

ridge, 73 
Carpal bones, ossification of, 164 

joints, 268, 269 
Carpo-metacarpal joints, 272 

of the thumb, 273 
Carpus, description of, 159, 270 
Cartilage (s), 211 

articular, of shoulder-joint, 255 

costal, 130 

Meckel's, 98, 119 

nasal, 120 

periotic, 117 

sphenotic, 117 

varieties, 211 
Cartilaginous plate (pelvic joints), ear-shaped, 

235 
Cavity, body, 14 

glenoid, of scapula, 143 

lesser sigmoid, of ulna, 157 

pelvic, 175 

of radius, sigmoid, 154 

tympanic, 77 

of ulna, greater sigmoid, 156 
Cells, 4 

ethmoidal, 83, 84, 111 
Centrum, (body) of vertebrae, 30 
Cephalic index, 117 
Cerato-hyal centre, 100 
segment, 119 

vertebrae, description of, 31 
development of, 47 
Check (alar) ligaments, 223 
ChoansB (posterior nares), 107, 112 
Chondro-cranium, 117 
Chorion, 10 
Chromatin, 5 
Circumduction, 215 
Circumferential cartilage, 211 
Classification of articulations, 212 
Clavicle, 139 

ossification of, 141 

structure of, 141 
Cleft, middle ear, 77 
Clinoid process, anterior, 65, 116 
middle, 65, 116 
posterior, 63, 116 
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Clivus, 117 
Coccygeal comua, 43 
vertebrae, 42 

development of, 19 
Coccyx, 30. 42 
Cochlea, 81 
Cselom, 14 

Column vertebral, 20, 48 
Compound bones, 27 
Concnee, nasal, 83, 84 

sphenoidal, 64, 67 
Conchal (inferior turbinate) crest, 88, 92 
Condylar foramen (canal), 54 
fossa, 64, 108 

process of mandible, 96, 97 
tubercle of mandible, 97 
Condylarthroses, 213 
Condyles, 29 
of femur, 182 
of mandible, 97 
of occipital bone, 64, 103 
third occipital, 56 
of tibia, 185 
Conjugate diameter of pelvic inlet, 175 
Connecting fibro-cartilage, 211 
Conoid ligament, 251 

tubercle, 140 
Constituents of articulations, 211 
Coraco-clavicular union, 251 
arterial supply, 251 
ligaments, 251 
movements, 252 
nerve-supply^ 251 
Coraco-humeral ligament, 255 
Coracoid (suprascapular of superior trans- 
verse) ligament, 253 
process of scapula, 144 
(conoid) tubercle, 140 
Cord, obliaue, 262 
Comua of hyoid bone, 99, 100 

of sacrum, 40 
Coronal suture, 57, 101 
Coronary ligaments of knee-joint, 290 
Coronoid fossa of humerus, 150 
process of mandible, 97 
of ulna, 156 
Costal arch, 139 
cartilages, 130 
Costal groove, 127 
processes, 38 

tuberosity of clavicle, 140 
Costo-central (capitular) articulation, 241 

ligaments. 241 
Costo-chonaral joints, 245 
Costo-clavicular (rhomboid) ligament, 249 
Costo-transverse articulations, 243 
arterial supply, 244 
ligaments of, 243 
middle (neck), 243 
posterior (tubercular), 243 
superior, 243 
movements, 244 
nerve-supply, 244 
foramen, 32, 127 
of atlaS; 33 
Costo-xiphoid ligament, 244, 245 
Costo-vertebral articulations, 241 

groove, 138 
Cotvloid bone, 173 
fibro-cartilage, 281 
fossa, 169 
Coxal bone (os innominatum), 169 

ossification of, 174 
Cranial cavity, floor of, 112 
fossa, anterior, 113 
middle, 116 
posterior, 116 



Cranium, 51 

measurements of^ 117 

remnants of cartilaginous, 124 
Crest(s), 29 

conchal. 88, 92 

ethmoidal, 92 

external occipital, 52 

of fibula, 190 

frontal, 60 

of greater tuberosity of humerus, 148 

of Uium, 169 

incisor, 90 

inferior turbinate, 92 

internal occipital, 53 

interosseous, of radius, 153 
of ulna, 157 

intertrochanteric, 178 

lacrimal, posterior, 85 

nasal, 90 

obturator, 173 

of scapula. 144 

sphenoidal, 63 

superior turbinate, 92 

of tibia, anterior, 188 

transverse, 72 
Cribriform lamina. 119 

plate of ethmoid, 81 
Crista galli, 81, 113 

vestibuli, 80 
Crucial ligament of atlanto-epistrophic joint 
222 

ligaments of knee-joint, 288 
Crura of stapes, 80 
Cuboid, 191, 199 
Cuboideo-navicular ligaments, 303 

union, 303 
Cubo-metatarsal joint, '309 

ligaments, 309 
Cuneiform bones, 159, 161, 191, 197 
first (medial), 197 
third Gateral), 198 
second or midde, 197 
Cuneo-cuboid articulation, 304 
Cuneo-navicular articulation, 304 
Curvatures of spinal column, 43 
Cytomorphosis, 7 
Cytoplasm, 5 



Deltoid (internal lateral) ligament of ankle- 
joint, 298 
Dens (odontoid process), 33 
Dental canal, inferior, 96, 126 
Dentary centre, 98 
Dentate sutures, 212 
Development of articulations (joints), 213 

of bones, 27 (see also the individual 
bones) 

of diaphragm, 120 

of face, 18 

of limbs, 20 

of nose, 18 

of skull, 117 

of tympanum, 80 

of vertebrae, 45 

of viscera, 18 
Diameters of the pelvis, 175, 177 
Diaphragm and heart, recession of, 20 
Diaphysis, 28 
Diapophyses, 51 
Diarthroses, 212 

heteromorphic, 283 

homomorphic, 212 
Digastric fossa, 95 
Digital fossa of femur, 178 
of fibula, 191 
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Disc, articular, of the acromio-clavicular 
joint, 251 
of inferior radio-ulnar articulation, 264 
of mandibular articulation. 216 
of the stemo-costo-clavicular joint, 249 
Dolichopellic pelvis, 177 
Dorsum of ilium, 165 

sells (epihippi). 63» 116 
Ductus, perilympnaticus, 81 

E 

Ear, ossicles of, 79 
Ectoderm, 10 
Elbow-joint, 258 
supply of, 261 

ligaments of, 258 

movements of, t^l 

muscles acting upon, 261 

nerve-supply of, 261 

synovial membrane of, 261 
Eleventh thoracic vertebra, 39 
Elliptical recess (fovea hemielliptica), 80 
Embryonic disc, 9, 10, 11 
Eminence of frontal, 59, 108 

ilio-pectineal, 169 

parietal. 57 

p^rramiaid, of temporal bone, 77 
Emmentia arcuata, 78, 116 
Enarthrodial diarthroses, 213 
Endoderm, 10 
Endognathion centre, 91 
Ensiform process (metasternum), 132, 134 
Ephippial diarthrosis, 212 
Epicondyles of femur, 183 

of humerus, 151 
Epihval segment of styloid process, 119 
Epiphyseal cartilages, 28 

lines, 28 
Epiphyses. 28 (see also individual bones). 
Epipteric bones, 68^ 101, 119 
Epistropheus, descnption of, 33 
Epitympanic recess, 78 
Ethmoid. 81 

at birth, 124 

cells, 83. Ill 
Ethmoidal bulla. 111 

canalsj 61, 83, 110, 113, 126 

(supenor turbinate) crest, 92 

fissure, 113 

notch, 61 

process, 85 

spine, 63, 113 
Ethmo-turbinals, 119 
Ethmo-vomerine region of skull, 117 
Eustachian tube, 74 
Exoccipital, 119 
Exo|piathion centre, 91 
Expiration, muscles which affect, 248 
Extremity, lower, bones of, 169 

upper, bones of, 139 



Face, bones of, 51 

development of, 18 
Facial (Fallopian) canal, 72, 77, 78 
Falciform process of great sacro-sciatic liga- 
ment, 236 
Fallopian canal, 72, 77, 78 
Fallopius, aqueduct of (facial canal), 72 
Fascia (») renal, 1242 

of scalene musculature, 353 

Scarpa's 426, 445 

of scrotum, 1385 

semilunar, 382 

Sibson's, 129 



Femur, 178 

ossification of. 184 

trochanters ot, 178 
Fenestra cochleae (rotunda), 73 

vestibuU (ovalis), 73 
Fibro-cartilages, cotyloid, 281 

interosseous, 244 

interpubic, 240 

intervertebral, 225, 238 

semilunar, 289 

triangular (articular disc), 264 
Fibula, description of, 189 

ossification of, 191 
Fibular branch of collateral ligament, 286 
Fimbria ovarica, 127 
Fingers, 4 
Fissure(s). auricular, 75, 108 

ethmoidal, 113 

Glaserian, 71, 77 

inferior orbital (spheno-maxillary), 102, 109, 
126 

petro-tympanic, 71, 77, 108, 126 

pterygo-maxillary, 102 

pterygo-palatine, 102 

spheno-maxillary. 102, 109 

superior orbital (sphenoidal), 65, 109, 116, 
125 

of telencephalon, 853 

tympano-mastoid, 71, 75, 108 
Floating ribs, 127 
Floccular fossa. 73 
Floor of cranial cavity, 112 
Foetal skull, general characters of, 120 
Fold(8), alar, 291 

patellar, 290 
Fontanelle(8), sagittal, 59 

of skull, 120 
Foot, bones of, 191, 205 
Foramen (ina), 29 

acetabular, 174 

auditory, 125 

csecum, 61, 113 
of ethmoid, 81 

carotico-clinoid, 65 

condylar, 54 

costo-transverse, 127 

greater palatine, 106 

hypoglossal, 54, 108, 125 

incisive, 89 

inferior dental, 96 

infra-orbital, 87 

intervertebral, 30 

jugular, 74, 108, 117, 125 

lacerum, 63, 74, 108, 116 

lesser palatine, 106 

magnum, 51, 56, 108, 117, 125 

mandibular (inferior dental), 96 

mastoid, 72, 108, 117 

mental, 95 
palatine, 106 

of nerves of skull, 125 

of norma facialis, 108 

obturator (thvreoid), 174 

optic, 63, 64, 110, 116, 125 

ovale, 65, 116, 125 
of Pacchioni, 116 

parietal, 57 

petro-sphenoidal, 125 

pharyngeal, 126 

rotundura, 66, 103, 116, 125 

sacral, 40 

scapular, 142 

of Scarpa, 89, 106, 126 

spheno-palatine, 93, 103, 111, 126 

spinosum, 66, 116 

of Stenson, 89, 106 

sternal, 133 
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Foramena(ina), stylo-mastoid, 73, 108, 126 

supra-orbital, 60 

supratrochlear, 150 

trigeminal, 125 

vertebral, 31 

VesaUi, 66, 116 

zygomatico-temporal, 126 
Fossa (e), anterior cranial, 113 

canine, 87 

condylar, 54, 108 

coronoid, 150 

cotyloid, 169 

digastric, 95 

digital, of femur, 178 
of fibula, 191 

of femur, mtercondyloid,182 

floccular, 73 

glenoid, 29 

of humerus, coronoid, 150 
olecranon, 150 
radial, 151 

hypophyseos, 63, 116 

iliac, 170 

incisive, 87 

incisor, 95 

infraspinous, 142 

infra-temporal (zygomatic), 101 

iugular, 73. 108 

lacrimal, 61, 109 

mandibular, 108 

mastoid, 72 

middle cranial, 116 

nasal, 108, 110 

olecranon, 150 

posterior cranial, 116 

pterygoi(f, 66, 107 

pterygo-palatine (spheno-maxillary), 102 

radial, 151 

scaphoid, 54, 55, 66, 95, 107 

spheno-maxillary (pterygo-palatine), 102 

subarcuata, 73, 117 

subscapular, 141 

supraspinous, 141 

temporal, 101 

trochanteric or digital, 178 

trochlear, 61 

vermiform, 63, 108, 117 

zygomatic, 101 
Fossula cochlcaris, 72 

petrosa. 73 

vestibularis, 72 
Fovea of femur, 178 

hemielliptica, 80 

hemisphserica, 80 

pterygoidea, 97 

sublmgualis, 95 
Frontal bone, at birth, 123 

description of, 59 

crest, 60 

eminences, 59, 108 

notch, 60 

process of maxilla, 87, 88 

sinus, 59, 61 

spine (nasal), 60 

suture, 59 
Fronto-cthmoidal cells, 84 
Fronto-nasal plat«, 117 

process, 119 
Fronto-sphenoidal process, 95 
Furrow, 29 



Genial tubercles, 95 
(Jenu of facial canal, 78 
Germ layers, 9 
Ginglymi diarthroses, 213 



Girdle, pelvic, 207 

shoulder, 207 
GlabeUa, 60, 101, 109 
Gladiolus (mesostemum), 132 
Glaserian fissure, 71, 77 
Gleno-humeral bands, 254 

ligament, 255 
Glenoid cavity of scapula, 143 

fossa, 29 

ligament, (lip), 255 

of metacarpo-phalaugeal joints, 294 

lip of shoulder-joint, 255 

of hip-joint (cotyloid fibro- cartilage), 2 
Gliding motion of jomts, 214 
Glosso-hyal process, 99 
Glosso-palatine arches, 1132 

nerve, 826, 946 
Glosso-palatinus (palato-glossus), 1135 
Glosso-pharyngeal nerves, 820. 961 
Glottis. 1223 

Gluteal line, anterior, 170 
inferior, 166 
posterior, 170 

tuberosity of femur, 178 
Gomphosis sutures, 212 
Gonion, 112, 113 
Great trochanter of femur, 178 
Greater multangular (trapezium) bone, 162 

palatine foramina, 106 
canals, 92 

tuberosity of humerus, 147 
Groove of atlas, 33 

basilar, 54 

bony, 29 

carotid, 64 

costal, 127 

costo-vertebral, 138 

of cuboid, peroneal, 199 

infra-orbital, 87 

intertubercular, (bicipital), 148 

lacrimal, 85, 87, 110 

mylo-hyoid, 96 

obturator, 172 

occipital, 72 

optic, 63. 113 

for radial nerve (musculo-spiral), 149 

sacral, 41 

sigmoid, 72 
Growth, prenatal, 22 

of the organs, 25 

of the parts, 24 

of the systems, 25 
Gubernacular canals, 106 



Hamate (unciform) bone, 159, 163 
Hamular process of sphenoid, 66, 106 
Hamulus, 81, 163 
Harmonic sutures, 212 
Head of axis, 33 

of bone, 29 

process, 11 
Helicotrema, 81 
Hiatus, accessory, 116 

canalis facialis, 73, 116 

sacralis, 40 
Highest nuchal line, 52 
Highmore, antrum of, 87, 90, 111 
Hip-joint, 276 

arterial supply, 282 

ligaments of, 277 

movement43 of, 282 

muscles acting upon, 283 

nerve-supply. 282 

relations, 282 
Homology of the bones of the limbs, 206 



INDEX 



319 



Humerus, ossification of, 161 

tuberosities of, 147 
Hvoid bars, 119 

bone, 99, 119 
Hyoid bone at birth, 124 

comua of, 99, 100 
Hypoglossal foramen (canal), 54, 108, 117, 125 
Hypomalar, 95 

Hypophyseal fossa (sella turcica), 63 
Hypo-tympanic recess, 77 



niac fossa, 170 
external, 732 

spines, 169 
llio-lumbar ligament, 233 
llio-pectineal eminence, 169 

line, 173 
Hio-trochanteric band, 280 
IUum,169 

crest of, 169 

tuberosity of, 171 
Inca bone (interparietal), 57 
Incisive foramen, 89 

fossa, 87 

sutures, 106 
Incisor crest, 90 

fossa, 95 
Incisura, 29 
Incus, 79, 119 
Index, cephalic, 117 

pelvic, 177 

thoracic, 139 
Infraglenoid tubercle of scapula, 143 
Infra-orbital canal, 87, 103, 126 

foramen, 87 

groove, 87 

process, 95 
Infraspinous fossa, 142 
Infra-temporal (zygomatic) fossa, 101 

ridge, 65 
Infra-vomerine centre, 71 
Infimdibulum of ethmoid, 83 

in middle nasal meatus, 111 
Inion, 101 

Inlet or brim (superior aperture) of pelvis, 175 
Innomnate canal (canahculus), 65 

bone, 169 
Inspiration, muscles which affect, 247 
Interarticular cartilage, 211 

ligament (capitular articulation), 241 
(stemo-costal joint), 245 

menisci (semilunar fibro-cartilages), 289 
Intercarpal ligaments, 269 
Interchondral articulation, 246 
arterial supply, 247 
capsule of, 247 
movements, 247 
nerves, 247 
Interclavicular ligament, 248 

notch, 133 
Intercoccvgeal joints, 238 
Intercondyloid fossa of femur, 182 

eminence of tibia, 185 

fossffi of tibia, 185 

tubercles, 185 
Intercostal spaces, 139 
Intercuneiform articulation, 304 
Interior of skull, 112 
Intermediate cell mass, 15 
Intermetacarpal articulations, 273 
Intermeta tarsal joints, 309 
Interosseous crest of fibula, 190 
of radius, 153 
of tibia, 188 
of ulna, 157 



Interosseous ligaments, anterior talo-calcaneat 
joint, 302 
inferior, tibio-fibular articulation, 297 
intercuneiform joints, 304 
middle tarso-metatarsal joints, 308 
of middle tibio-fibular union, 296 
of pelvic, articulations, 235 
of posterior talo<calcaneal joint, 301 
superior, tibio-fibular joint, 295 
memorane of forearm, 263, 264 

Interparietal bone, 119 

Interphalangeal ailiculations of fingers, 276 
of toes, 310 

Interpubic fibro-cartilage, 240 

Interspinous ligaments, 231 

Interstemal jomts, 244 

Intertrochanteric crest, 178 

Intertubercular (bicipital), groove, 148 

Intervertebral articulation, ligaments of, 225 
fibro-cartilages, 226, 238 

Introduction, 1 

Ischial spine, 172 

Ischio-capsular ligament, 278 

Ischium, 171 

Iter chorda) anterius, 126 
posterius, 78, 126 



Joints (see "Articulations")* 
Jugular foramen, 74, 108, 117, 125 

fossa, 73, 108 

(interclavicular) notch, 133 

process, 64, 108 
Jugum sphenoidale, 67 



Knee-joint, 284 
arterial supply, 291 
ligaments of, 284 
movements of, 292 
muscles acting upon, 295 
nerve-supply, 292 
relations, 292 
synovial membrane of, 290 



Labyrinth of ethmoid, 82 

osseous, 80 
Lacrimal bone, 85 
at birth, 124 

crest, 86, 110 

fossa, 61, 109 

groove, 85, 87, 110 

process, 85 

tubercle, 88 
Lacrimo-ethmoidal cells, 84 
Jjambdaj 101 
Lambdoid suture, 67, 101 
Lamina (a?) cribriform, 119 

of temporal bone, 92 

papyracea (os planum), 83 

spiralis, 81 

of vertebrae, 30 
Law of developmental direction, 12 
Laxator tympani muscle, 79 
Lenticular process of incus, 79 
Lenticulo-striate artery, 562 
Lesser multangular (trapezoid) bone, 159, 
162 

(gastro-hepatic) omentum, 1160, 1185 

palatine foramina, 106 

sigmoid cavity of ulna, 157 

tuberosity of humerus, 147 
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Ligament (s) (see also ''Ligainentum'')i 211 
alar (occpi to-dental or check) , 223 
of ankle-joint, 298 

of superior radio-ulnar joint, 262 
anterior atlanto-epistropmc, 221 

atlanto-occipitai, 218 

crucial, 288 

longitudinal, 227 

medio-carpal, 270 

oblique (lateral occipito-atlantal), 219 

sacro-coccygeal, 234 

sacro-iliac, 234 

of symphysis pubis, 239 

talo-calcaneal, 302 

talo-fibular, 299 
apical dental (suspensory), 223 
arcuate (subpubic), 239 
connecting articular processes vertebrse, 

228 
of articulation of atlas with occiput, 218 
of atlanto-epistrophic ioint, 221 
uniting bodies of vertebrae, 225 
of calcaneo-cuboid joint, 306 
calcaneo-fibular, 299 

of capitular (costo-central) articulation, 241 
capsular, of elbow- joint, 258 
of carpo-metacarpal joints, 272 
conoid, 251 
coraco-acromial, 252 
coraco-clavicular, 251 
coraco-humeral, 255 
coronary, of knee-joint, 290 
costo-clavicular (rhomboid), 249 
of costo-transverse articulation, 243 
costo-xiphoid, 244, 245 
crucial, of central at Ian to-dental joint, 222 

of knee-joint, 288 
of cuboideo-navicular union, 303 
of cubo-metatarsal joint, 308 
of cuneo-cuboid articulation, 304 
of cuneo-navicular articulation, 304 
deltoid (of ankle-joint), 298 
dorsal intercarpal, 269 
of elbow-joint, 258 

lateral, of knee-joint, 286 
fibular collateral, 286 
of first row of carpal bones, 269 
gleno-humeral, 255 
glenoid (lip), 255 
of hip-joint, 277 
ilio-lumbar. 238 
ilio-femoral, 278 
immediate, 225 

inferior interosseous, (tibio-fibular), 297 
of inferior radio-ulnar joint, 264 
inferior sacro-iliac, 235 

transverse, (spino-glenoid), 253 
interarticular, 241, 245 
interclavicular, 248 
of intercuneiform joint, 304 
intermediate, 225 
of intermetacarpal joints, 273 
of intermetatarsal joints, 309 

lateral, of knee-joint, 286 
of mandibular articulation, 215 
interosseous, cubo-metatarsal joint, 309 

anterior talo-calcaneal, 302 

intercuneiform joints, 304 

intermediate tarso-metatarsal joint, 308 

metacarpal, 269 

of pelvic articulations, 235 

of posterior talo-calcaneal joint, 301 
of interphalangeal joints, fingers, 276 

of toes, 311 
interspinous, 231 
of intersternal joints, 244 
intertransverse, 231, 238 



Ligaments of intervertebral articulation, 227 
of knee-joint, 284 
ischio-capsular, 278 
lateral, of ankle-joint, 299 

calcaneo-navicular, 302, 305 

malleolar, anterior, 296 
posterior, 297 

sacro-coccygeal (intertransverse), 238 
of mandibular articulation, 215 
of medio-carpal joint, 270 
of metacarpo-phalangeal joints, 274, 275 
of metatarso-phalangeal joints, 310 
of mid radio-ulnar union, 262 
middle costo-transverse, 243 

tibio-fibular (interosseous), 296 
morphology of, 213 
neck, 243 
oblique, of mid radio-ulnar union, 262 

popliteal (ligament of Winslow), 287 
occipito-cervical, 223 
uniting occiput and epistropheus, 223 
of pelvic articulations, 234 
piso-hamate, 269 
piso-metacarpal, 269 
plantar, calcaneo-cuboid, 307 

calcaneo-navicular, 302, 305 
accessory, 310 

long, 307 
posterior, of ankle-joint, 298 

atlanto-epistrophic, 221 

atlanto-occipital, 218 

costo-transverse, 243 

crucial (of knee), 288 

longitudinal, 227 

(dorsal) medio-carpal, 270 

sacro-iliac, 234 

of symphysis pubis, 239 

of talo-calcaneal jomt, 301 

talo-fibular, 299 
proper scapular, 252 
radial collateral, 261, 267 
radiate of antenor costo-central or stellate 
242 

of medio-carpal joint, 270 

stemo-costal, 245 
of radio-carpal joint, 266 
of radio-ulnar joints, 261, 264 
rhomboid (costo-clavicular), 249 
of sacro-coccygeal articulation, 238 
sacro-lumbar, 232 

sacro-spinous or small sacro-sciatic, 236 
sacro-tuberous, 235 
of sacro-vertebral articulations, 232 
of second row of carpal bones, 270 
of shoulder-joint, 254 
between skull and vertebral column, 218 
spheno-mandibular, 217 
spino-glenoid (inferior transverse), 253 
connecting spinous processes of vertebrs 

229 
spring, 305 
stemo-clavicular, 248 
of stemo-costal, joints, 245 
of sterno-costo-clavicular articulation, 248 
stylo-hyoidj 99 

stylo-mandibular (stylo-maxillary), 217 
superior costo-transverse, 243 

interosseous, tibio-fibular joint, 295 

sacro-iliac, 234 

sterno-costal, 245 

transverse (coracoid or suprascapular) 
253 
suprapinous, 230, 238 
oi symphysis pubis, 238 
talo-calcaneal, 302 
of talo-navicular joint, 305 
temporo-mandibular, 215 
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Ligaments, tibial collateral, 286 
tibio-fibular, 295 

transverse, of central atlanto-epistrophic 
joints, 222 
dorsal (medio-carpal joint), 270 
of heads of metatarsal bones, 309 
of hip-joint, 280 
humeral; 256 
of knee-joint, 289 
connecting transverse processes of vertebrse, 

231 
trapezoid, 251 

tubercular (posterior costo- transverse), 243 
ulnar collateral, 259, 266 
uniting lamins of vertebrse, 229 
volar accessory (glenoid), 274 
intercarpal, 269 
radio-carpal, 266 
ligamenta flava, 229 
Ligamentum (a) alaria (knee-joint), 291 
mucosum (knee-joint), 290 
nuchse, 231 
patells; 286 

sacro-ibaca, anteriora, 177 
teres, 280 
Winslowii, 287 
Limbous sutures, 212 
limbs, development of, 20 
limbus sphenoidalis, 63 
limiting sulcus of floor of fourth ventricle, 813 
Line(s) (see also ''Linea''). 
bony, 29 
of femur, intertrochanteric, 178 

spiral, 178 
of nbula. obliaue, 190 

secondary oblique, 190 
sluteal, 170 
uio-pectineal, 173 
mylo-hyoid, 95 
oblique, of mandible, 95 
of radius, 154 
of th3rreoid, 124 
popliteal, 189 
of scapula, oblique, 142 
suprarconaylar, of femur, 181 
temporal (ridges), 57, 60 
trapezoid (obfique), 140 
of ulna, oblique, 157 
linea aspera, 178 
pectinea of femur, 181 
suprema (highest nuchal line), 52 
Lingula of mandible, 96 

of sphenoid, 64 
lips^ glenoid, 255 
Louis, angle of, 139 
Lower extremity, articulations of, 276 
Lowest lumbar (lumbalis ima) artery, 603 
Lumbar ribs, 132 
vertebrse, 37 
description, 37 
development of, 48 
Lumbo-sacral angle, 43 
Lunate (semilunar) bone, 159, 161 

M 

Malar bone, 93 

tubercle, 95 

tuberosity, 93 
Malleolar* ligaments, anterior lateral, 296 

posterior lateral, 297 
Malleoli, lateral, 191 

medial, 189 
Malleus. 79, 119 
Mammillanr process, 38 
Mandible (lower jaw), 95 

age changes in, 99 



Mandible at birth, 124 

ossification of, 98 
Mandibular bars. 119 

(inferior dental) canal, 96, 126 
foramen, 96 

fossa, 108 

(sigmoid) notch, 96, 97 

spine, 96 
Manubrium of malleus, 79 

stemi (presternum). 132, 133 
Mastoid antrum (see ^'Tympanic antrum"). 

canaliculus, 73 

cells 72 

foramen, 72, 108, 117 

(supra-meatal) fossa, 72 

notch (digastric fossa), 72 

process, 72, 108 
development of, 76 
Maxilla, 86 

at birth, 124 

ossification of, 91 
Maxillary process of inferior turbinate, 85 
of palate bone, 92 

sinus (antrum of Highmore), 87, 90, 111 
Maxillo-ethmoidal cells, 84 
Maxillo-turbinates, 119 
Meatus, external auditory (acoustic), 75, 108 

internal auditory, 72, 117 

of nose, 83, 111 
Meckel's cartila^re, 98, 119 
Medio-carpal jomt, 270 
arterial supply, 270 
ligaments, 270 
movements of, 271 
muscles acting upon, 270 
nerve-supply of, 270 
Medullary cavity, 28 
Membrana sacciformis, 265 
Membrane (s), interosseous, of mid-radio- 
ulnar union, 263, 264 
of middle tibio-flbular union, 295 

synovial, 211 (see also the individual ar- 
ticulations). 
Membrane, tectorial, 223 
Membranous cranium, 117 
Menisci, interarticular, 289 
Mental foramen, 95 

protuberance, 95 

spine, 95 

tubercle, 95 
Mesatipellic pelvis, 177 
Mesentery, development of. 19 
Mesethmoid, 119 
Mesoderm, 10, 14 
Mesognathion centre, 91 
Meso-nephros (Wolffian body), 16 
Meso-palatine suture, 89, lO'fe 
Meso-scapula, 145 
Meso-sternum, 132 
Metacarpal bones, 164 

union of heads of, 274 
Mctacarpo-phalangeal joints, 274 

of thumb, 275 
Metacarpus, ossification of, 168 
Metamerism, 15 

Metamorphosis of branchial (visceral) bars, 119 
Metasternum, 132 
Metatarsal bones, 200 

union of heads of, 309 

pillar, 205 
Mctatarso-phalangeal articulations, 310 
Metatarsus, 200 
Metopic suture, 69, 101 
Middle alveolar canal, 87 

elinoid process, 65 

costo-transverse (neck or interosseous) liga- 
ment, 243 
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Middle cranial fossa, 116 

ear, 77 

ethmoidal cellsi 111 

meatus of nose, 111 

nasal conchse, 83 

palatine foramina, 106 
Mid-radio-ulnar union, 262 
Modiolus, 81 

Morphogenesis, 7 (see also "Development")- 
Morphological axis of scapula, 145 
Morphology of joints, 213 

of skull, 117 

of the vertebrae, serial, 50 
Morula, 9 
Movements of joints, 214 (see also individual 

articulations). 
Multangular bone (trapezium) greater, 159, 
162 
(trapezoid) lesser, 159^ 162 
Muscle(s), laxator tympani, 79 
MusculoHspiral groove, 149 
Mylo-hyoid groove, 96 

line, 95 

N 

Nares, posterior (choanaj), 107, 112 
Nasal aperture, anterior, 108 

bones at birth, 124 
description of, 86 

oonchse (turbinate bones), 83, 84 

crest, 90 

fosssB, 108, 110 

notch, 60, 87 

osseous. 111 

spine, anterior, 60, 87, 90, 112 
posterior, 91 
Nasion, 109 

Naso-lacrimal duct, 111 
Navicular (scaphoid) bone, 159, 160, 191, 196 
Neck of axis, 33 

ligament, 243 
Nephrotome, 16 
Nerve-supply of muscles (see "Nerves;" also 

corresponding muscles, articulations, etc.)- 
Neural groove, 10, 11 

plate, 11 

tube, 14 
Neurenteric canal, 11 
Neuro-central suture, 45 
Nomenclature, anatomical, 1 
Norma basilaris, skull, 103 

facialis of skull, 108 

lateralis, skull, 101 

occipitalis, skull, 101 

verticalis, skull, 100 
Notch, 29 

acetabular, 174 

ethmoidal, 61 

frontal, 60 

great scapular, 137 
sciatic, 172 

jugular (interclavicular), 133 

mandibular (sigmoid), 96, 97 

mastoid, 72 

nasal, 60. 87 

pterygoid, 66 

radial 0<^sser sigmoid cavity) of ulna, 157 

of Rivinus, 77 

scapular, 142 

semilunar (greater sigmoid cavity) of ulna, 
156 

small sciatic, 172 

spheno-palatine, 91, 93 

supra-orbital, 60 

of tibia, popliteal, 185 

tympanic, 77 

ulnar (sigmoid cavity) of radius, 154 



Notochord, 11 

Notochordal region of skull, 117 
Nuchal line, highest, 52 
. inferior, 52 
superior, 52 
Nucleus of scapula, 139 



Obelion, 101 

Oblique diameter of pelvic inlet^ 175 
ligament (mid-radio-ulnar union), 262 
line of clavicle, 140 
of fibula, 190 
of mandible, 95 
of radius, 154 

posterior, 154 
of scapula, 142 
of ulna. 157 
popliteal ligament (ligamentum Winslowii), 
287 
Obturator crest, 173 
(thyreoid) foramen, 174 
groove, 172 
Occipital bone, 51 

articulations of, 56 
at birthj 121 
ossification of, 56 
condyle, third, 56 
condyles, 108 
crest, external, 52 
internal, 53, 117 
groove, 72 
point. 101, 112 
protuberance, external, 62, 101 

internal, 53 
suture, 101 
Occipito-atlantal articulation, 218 

ligaments, 219 
Occipito-cervical ligament, 223 
Occipito-epistrophic articulation, 223 
Occipito-mastoid suture, 101 
Occiput and atlas, ligaments uniting, 218 
Odontoid process (dens) of axis, 33 
Olecranon fossa of humerus, 150 

process of ulna, 156 
Ophrvon, 109, 112 
Opisthion, 107, 108 
Optic foramen, 68, 64, 110, 116, 125 

groove, 63, 116 
Orbicular tubercle of incus, 79 
Orbit, 108, 109 

Orbital fissure, inferior, 109, 126 
superior, 65, 109, 116, 125 
plates, 61 
process of malar bone, 94 

of palate bone, 91, 93 
wings of sphenoid, 64 
Orbito-sphenoid centre, 67, 119 
Organ (s), 4 

Os calcis (calcaneus), 191, 196 
centrale, 164, 208 
innominatum, 169 
Japonicum, 95 
linguse, 99 
planum, 83 
trigonum, 194, 199 
Vesalianum^ 199 
Osseous labyrmth, 80 
Ossicles of ear, 79 

Ossification of bones, 27 (see also the in- 
dividual bones") 
Osteogenesis, 27 
Osteology, 27 

Outlet (inferior aperture) of pelvis, 176 
Ovum, segmentation of, 9 



INDEX 



323 



Pacchioniiis, foramen ovale of, 116 
Palate, bone, 91 

at birth, 124 
Palatine canals, 92, 103, 126 
accessory, 103 

foramina, 106 

process of maxilla, 87, 88 
Palato-ethmoidal cells, 84 
Parapophysis, 51 
Parietal bones, 57 
at birth, 123 

eminence, 57 

foramen, 57 
Parieto-mastoid suture, 101 
Patella, 184 
Pecten of pubis, 173 
Pectineo-femoral band, 278 
Pedicles of axis, 34 

of lumbar vertebra, 37 

of vertebrsB, 30 
Pelvic articulations, 234 
ligaments of, 234 

^rdle, 207 

mdex, 177 

inlet, diameters of. 175 

measurements, 177 

outlet, 176 
Pelvis, articulations of, 234 

axis of, 176 

description of, 176 

differences according to sex, 177 

inlet (superior aperature) of, 175 

major (false), 175 

measurement, 177 

minor (true), 175 

outlet (inferior aperture), 176 
Pericardium^ development, 20 
Perichondrium, 28 
Periosteum, 28 
Periotic capsule, 69, 117 

cartilages, 117 
Perpendicular plate (mesethmoid) of ethmoid, 

82 
Petrosal process, posterior, 63 
Petro-mastoid, 119 
Petro-sphenoidal foramen, 125 
Petro-squamous (squamo-mastoid) suture, 71 
Petro-tympanic (Grlaserian), fissure, 71, 77, 

108, 126 
Petrous portion of temporal bone, 68, 72 
Phalanges of fingers, 167 

ossification of, 168, 204 

third, terminal, or ungual, 168, 204 

of toes, 203 
Pharyngeal (pterygo-palatine) canal, 66, 92, 
103 

foramen, 126 

tubercle, 54, 108 
Phrenic arteries, superior, 590 
Pillars of the foot, 205 
Pisiform bone, 159, 162 
Plane or arthrodial diarthroses, 212 
Plantar calcaneo-cuboid (short plantar) liga- 
ment, 307 

ligaments, 307 
accessory, 310 
Planum popUtenum, 181 
Plate, cribriform, of ethmoid, 81 

fronto-nasal, 117 

orbital, 61 

perpendicular, of ethmoid, 82 

pterygoid, 66 

tympanic, 108 
Platypellic pelvis, 177 
Pleura, development of, 20 



Pleurapophysis, 51 
Point (s), alveolar, 109 

auricular, 101 

occipital, 101 

subnasal, 109 
Popliteal ligament, oblique, 287 

fine, 189 
Post-auditory pro<5ess, 122 
Post-glenoid process, 71 
Post-malar. 95 
Post-scapula, 145 
Post-sphenoid centre, 67 
Preglenoid tubercle, 71 
Premalar. 95 
Premaxilla, 89, 91, 119 
Pre-palatine centre, 91 
Pre-scapula, 145 
Pre-sphenoid centre, 67, 119 
Presternum, 132 

Primary curvatures of spinal column, 43 
Primitive groove, 10 

node, 11 

pit, 10 

streak, 10 
Process (es), accessory (of vertebra), 38 

acromion, 144 

alar, of ethmoid, 81 

alveolar, 87, 90 

anterior clinoid, 66. 116 

condylar, of mandible, 96 

coracoid, of scapula, 144 

coronoid of mandible, 96 

ensiform, 132, 134 

ethmoidal, 85 

external auditory, 75 

frontal, of maxilla, 87, 88 

fronto-nasal, 119 

f ronto-sphenoidal, 95 

glosso-hyal, 99 

hamular, 66, 106 

infra-orbital, 95 

jugular, 54, 108 

lacrimal, 85 

lenticular, of incus, 79 

mastoid, 72. 108 

maxillary of inferior nasal concha, 84 

of palate bone, 92 

middle clinoid, 65, 116 

orbital, of malar bone, 94 
of palate bone, 91, 93 

palatme, 87, 88 

posterior clinoid, 63, 116 
petrosal, 63 

post-glenoid,71 

pterygoid. 62, 66 

pyramidal, of palate bone, 91, 92 

sphenoidal, of palate bone, 91, 92 

styloid, 70, 73, 76, 108 
of fibula, 190 
of radius, 155 

of third metacarpal bone, 166 
of ulna, 158 

supracondylar, 149 

temporal, of malar bone, 95 

trochlear, 195 

unciform, 163 

uncinate, of ethmoid, 83 

vaginal of sphenoid, 63, 66 

of temporal, 75 

xiphoid, 132, 134 

zygomatic, 70, 87, 88 
Processus cochleariformis, 77 

Folii, 79 

globulares, 119 

gracilis, 79 

marginalis, 95 

tubarius, 66 
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Promontory in cochlea, 81 

of temporal bone, 73 
Pronator, ridse of ulna, 157 
Proper scapular ligaments, 252 
Protoplasm, 5 
ProtuDerance, external occipital, 52 

internal occipital, 52 

mental, 95 
Pterion, 101 
Pterygoid, (Vidian) canal, 103, 107, 108, 126 

fossa, 66, 107 

hamulus (of sphenoid), 66 

notch, 66 

plate, lateral, 66 
medial, 66 

processes, 62, 66 

tubercle, 66 
Pterygo-maxillary fissure, 102 
Pterygo-palatine (pharyngeal) canal, 88, 92, 
103 

fissure, 102 

(spheno-maxillary) fossa, 102 
Pubic arch, 176 
Pubis, 172 

symphysis, 238 

tubercle (spine) of, 172 
Pubo-capsular (pectineo-femoral) band, 278 
Pulpy nucleus of intervertebral fibro-cartil- 

ages, 226 
Pyramidal eminence of temporal bone, 77 

process of palate bone, 91, 92 
Pyramids, vertebral, 43 



Radial collateral ligament, 261, 267 

fossa of humerus, 151 
Radiate (anterior costo-central or stellate) 
ligament, 242 
stemo-costal ligament, anterior, 245 
Radio-carpal or wrist-joint, 265 
artenal supply of, 267 
ligaments of, 266 
movements of, 267 
muscles acting upon, 268 
nerve-supply, 267 
relations of, 267 
Radio-ulnar joint, inferior, 263, 419 
mid, 262 
superior, 262 
ligaments, 262, 264 
Radius, 152 

Ramus (i) of ischium, 172 
of mandible, 95 
of pubis, 172 
Recess (es), elliptical, 80 
epitympanic, 78 
hypo-tympanic, 78 
spherical, 80 
Recessus eltipticus (fovea heraielliptica), 80 

sphsDricus (fovea hemisphserica), 80 
References for morphogenesis, 25 

for osteology. 209 
Region, of skull, anterior, 108 
inferior, 103 
lateral, 101 
posterior, 101 
superior, 100 
Respiration, musculature, 247, 248 
Rhomboid ligament (costo-clavicular), 249 
Ribs, 120 

asternal or false, 127 
bicipital, 132 
cervical, 131 
eleventh, 130 
first, 128 
floating, 127 



Ribs, lumbar, 132 

ossification of, 130 

pecuhar,128 

second, 129 

sternal (true), 127 

tenth, 129 

twelfth, 130 

typical characters of, 127 

variations of, 131 

vertebral, 127 

vertebro-chondral, 127. 

vertebro-stemal, 127 
Ridge (s), carotid, 73 

infra-temporal, 65 

lateral supracondylar, 149 

medial supracondylar, 149 

pronator, of ulna, 157 

temporal, 71 
Rivinus, notch of, 77 
Rostrum of sphenoid, 63 
Rotation, 215 



Sacral canal, 42 

comua, 40 

foramina, 40 

groove, 41 

hiatus, 40 

vertebrae, development of, 48 
Sacro-coccygeal articulation, 237 

ligament, anterior, 238 
deep posterior, 238 
superficial posterior, 238 
Sacro-iliac articulation, 234 

ligaments, anterior, 234 

inferior, 235 

posterior, 234 

superior, 234 
Sacro-lumbar ligament, 232 
Sacro-spinous or small sacro-sciatic ligament, 

236 
Sacro-tuberous (great or posterior sacro- 
sciatic) ligament, 235 
Sacro-vertebral angle, 39, 43 

articulations, 232 
Sacrum, description of, 30, 39 

sex and racial differences of, 42 
Sagittal fontanelle, 59 

sulcus, 60 

suture, 67, 101 
Scala tympani, 81 

vestibuli, 81 
Scalene tubercle, 129 
Scaphoid bone, 159, 160 

fossa, 55, 66, 107 
Scapula, 141 
Scapular foramen, 142 

notch, 142 
Scarpa, foramina of, 89, 106, 126 
Schindylesis sutures, 212 
Schwalbe, nucleus of, 823 
Sciatic notch, great, 172 

small, 172 
Sclerotome, 15 

Segmentation of the ovum, 9 
Sella turcica, 63, 113 
Semicanalis m. tensoris tympani, 74 
Semicircular canals, 78, 80 
Semilunar bone, 159, 161 

fibro-cartilages, 289 

notch (greater sigmoid cavity), 156 
Septum femoral, 466 

nasal. 111 

sphenoidal, 62 

transversum, 20 
Serial morphology of vertebrae, 50 
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Serrate sutures, 212 
Sesamoid bones, 68, 205, 275 

plate, plantar, 310 

tibial and fibular, 209 

ulnar and radial, 209 
Seventh cervical vertebrae, 34 
Shaft of bones, 29 (see also the individual 

bones) 
Shoulder-blade (scapula), 141 
Shoulder-Girdle, 207 
Shoulder-joint, 253 

arterial supply, 257 

ligaments of, 254 

movements of , 257 

muscles acting upon, 258 

synovial menibrane, 255 
Sibson's fascia, 129 
Sigmoid cavity of radius, 154 
of ulna, greater, 157 
lesser, 157 

groove, 72 

notch, 96, 97 
Sinuses, cervical, 17 

frontal, 59, 61 

maxillaris (antrum of Highmore), 87, 90, 
111 

sphenoidal, 62 

tarsi, 195 
Skeleton, 27 

appendicular, 139 

axial, 29 
Skin, appendages of, 129 
Skull, appendicular elements of, 117 

articulations of, 215 

at birth, 120 

bones of, 51 

foetal, general characters, 120 

interior of, 112 

morphology of, 117 

nerve-foramina of, 125 

re^ons of, anterior (norma facialis), 108 
mferior (norma basalis), 103 
lateral (norma lateralis), 101 
posterior (norma occipitalis), 101 
superior (norma verticalis), 100 

as a whole, 160 
Smaller palatine canals, 92 
Somites, mesodermic. 14, 15 
Spheno-ethmoidal cells, 84 
Sphenoid, 62 

at birth, 122 
Sphenoidal conchse (turbinate bones), 64, 67 
at birth, 124 
development of, 119 

crest, 63 

(superior orbital) fissure, 65, 109, 116, 126 

process of palate bone, 91, 92 

septum, 62 

sinuses, 62 
Spheno-mandibular ligament, 217 
Spheno-maxillary fissure, 102, 109, 126 

fossa, 102 
Spheno-palatine foramen, 93, 103, 111, 126 

notch, 91, 93 
Sphenotic cartilage, 117 
Spherical recess, 80 
Spine (s), 29 

anterior nasal, 87, 90, 112 

ethmoidal, 63, 113 

frontal (nasal), 60 

of ilium, 169 

ischial. 172 

mandioular, 96 

mental, 95 

nasal (frontal), 60 
posterior, 91 

of pubis, 172 



Spine(s) of scapula, 141, 144 

of sphenoid, 66, 108 

suprameatal, 72 

of tibia (intercondyloid eminence), 185 
Spinous process of epistropheus, 34 
of seventh cervical vertebra, 34 
of vertebra, 31 

ligaments connecting, 229 
Spiral canal of cochlea, 81 

line of femur^ 178 
Squamous portion of temporal bone, 68 

sutures. 212 
Stapes, 80, 119 
Stellate ligament, 242 
Stenson's foramina, 89, 106 
Stephanion, 101 
Sternal foramen, 133 

synchondrosis, 133 
Stemebrae, 132 

Stemo-clavicular ligaments, 248 
Stemo-costal articulations, 245 

ligaments. 245 
Stemo-costo-clavicular articulation, 248 
ligaments of, 248 
movements of, 250 
Sternum, 132 

abnormalities of, 138 

angle of, 133, 139 

body of, 133 

development of, 135 
Stylo-hyal portion of styloid process, 75, 119 
Stvlo-hyoia ligaments, 99 
Styloid 'bone, 168 

process, 70, 73, 76, 77, 108 
of fibula, 190 
of radius, 155 

of third metacarpal bone, 166 
of ulnaj 158 
Stvlo-niandibular (stylo-maxillary) ligament, 

'217 
Stvlo-mastoid foramen, 73, 108, 126 
Subnasal point, 109, 112 
Subscapular angle, 145 

fossa, 141 
Sulcus (i), 29 

sagittal, 60 

transversus, 69, 108 

tympanicus, 75 
Superciliarv arch, 69, 108 
Supra-condylar lines, 181 

process, 149 

ridge, lateral, 149 
medial, 149 
Superaglenoid tubercle of scapula, 144 
Supra-meatal fossa, 72 

spine, 72 
Supra-occipital, 119 
Supra-orbital border, 60 

notch, 60 ^ 

Suprascapular (coracoid or superior trans- 
verse) ligament, 253 
Supraspinous fossa, 141 

Cgament, 230, 238 
Suprasternal bones, 133 
Supratrochlear foramen, 150 

lymphatic node, 719 
Suspensory ligament (apical dental) of 

occipito-cpistrophic articulation, 223 
Sustentaculum tali, 195 
Suture(8), 212 

of anterior cranial fossa, 113 

coronal, 67, 101 

frontal, 59 

incisive, 106 

lambdoid, 67, 101 

meso-palatine, 89, 106 

metopic, 69, 101 
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Suture(s), neuro-central, 45 

of norma facialis, 108 

occipital, 101 

occipito-mastoid, 101 

parieto-mastoid, 101 

petro-squamoiis, 71 

sagittal, 67, 101 

transverse, 108 
palatine, 106 

of vertex of skull, 101 
Symphysis of mandible, 95 

pubis, 238 

ligaments of, 238 
Synarthroses, 212 

sternal, 133 
Syndesmoses (synarthroses), 212 
Synovial membrane, 211 (see also correspond- 
ing articulations) 



Talo-calcaneal union, 301 
Talo-fibular ligament, anterior, 299 

posterior, 299 
Talo-navicular articulation, 305 

ligament, 306 
Talus or astragalus, 191, 192 
Tarsal bones, 191 
elements, accessory, 199 
(Meibomain) joints, 301 
transverse, 305 
Tarso-metatarsal articulation, 308 
Tarsus, 191 

anterior articulation of, 303 
Tectorial membrane, 223 
Tegmen tympani, 77 
Temporal bone, 68 
at birth, 122 

mastoid portion of, 68, 71 
petrous portion of, 68, 72 
squamous portion of, 68, 70 
tympanic portion of, 69, 70, 76 
fossa, 101 

lines (ridges), 57, 60, 71 
process of malar bone, 95 
wings of sphenoid, 65 
Tendino-trochanteric band, 280 
Third occipital condyle, 56 
Thoracic aperture, superior, 138 
vertebrae, description of, 30, 36 
peculiar, 36 
Thorax, 126 
articulations at front of, 244 
movements of, 247 
as a whole, 138 
Thyreo-hyal centre, 100 

segment, 119 
Thjrreoid bars, 119 
Tibial collateral ligament, 286 
Tibio-fibular ligament^), 295 

union, 295 
Tissues, 4 

Trabecular region of skull, 117 
Transverse crest, 72 
diameter of pelvic inlet, 175 
humeral ligament, 256 
ligament of central atlanto-epistrophic, 222 
of heads of metatarsal bones, 309 
hip-joint, 280 

inferior (spino-glenoid), 253 
of knee-jomt, 289 

superior (coracoid, or suprascapular), 253 
palatine suture, 106 
processes of atlas, 33 
of vertebrae, 31 

ligaments connecting, 231 
sulci, 108 
suture, 108 



Trapezium. 159, 162 
Trapezoid bone, 159, 162 

lisament, 251 

(oblique) line, 140 
Triangular fibro-cartilage, 264 
Trigeminal foramen, 125 

impression, 73 
Triquetral (cuneiform), bone, 159, 161 
Trochanter, great, 178 

third, 181 
Trochanteric of digital fossa, 178 
Trochanters of femur, 178 
Trochlea, of humerus, 150 

of talus, 193 
Trochlear fossa, 61 

process, 195 
True synchondroses, 212 
Trunk, articulations of, 224 
Tuba auditiva (Eustachian tube), 74 
Tube, auditory (Eustachian), 74 
Tuber calcanei, 196 
Tubercle(s), 29 

adductor, of femur, 181 

articular, of temporal bone, 71 
of atlas, 32 

of calcaneus, anterior, 195 

condylar, of mandible, 97 

coracoid (conoid) of clavicle, 140 

of femur, cervical, 178 

Kenial, 95 

lacrimal, 88 

malar, 95 

mental, 95 

pharyngeal, 54, 108 

preglenoid, 71 

pterygoid, 66 

(spine) of pubis, 172 

for the quadratus, 178 

of rib, 127 

scalene, 129 

of scapula, infraglenoid. 143 

of scapula, supraglenoid, 144 

of thoracic vertebrae, 37 
Tubercular (posterior costo-transverse) liga- 
ment, 243 
Tuberculum jugulare, 54 

seUse, 63, 116 
Tuberosity, 29 

of calcaneus, 196 

of clavicle, costal, 140 

of cuboid, 199 

of femur, gluteal, 178 

of fifth metatarsal bone, 203 

of first metatarsal bone, 201 

of humerus, greater, 147 
lesser, 147 

of ilium, 171 

of ischium, 172 

malar, 93 

of maxilla, 87, 92, 106 

of navicular (scaphoid), 161, 196 

of radius, 152 

of tibia, 185 

of ulna,. 156 

ungual (of third phalanx), 168 
Turbmate bones (concha;), 83, 84 

sphenoidal, 64, 67 
Tympanic antrum, 72, 73, 78 

bone, at birth, 123 

canaliculus, 73, 108 

cavity, 77, 

notch, 77 

plate, 108 

portion of temporal bone, 69, 76 

sulcus, 75 
Tympano-hval portion of styloid process, 75, 

119 
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Tympano-mastoid (auricular) fissure, 71, 76 
Tympanum, 77 

bones of, 79 

development of, 80 



Ulna, 155 

Ulnar collateral ligament, 259, 266 

notch (sigmoid cavity) of radius, 154 
Unciform bone, 159 

process, 163 
Uncinate process of ethmoid, 83 
Ungual phalanges, 168 

process of third phalanx, 168 
Union, coraco-clavicular, 251 

cuboideo-navicular, 303 

of heads of metacarpal bones, 274 

of metatarsal bones, 309 

of radius with ulna, 261 

scapulo-clavicular, 250 

talo-calcaneal, 301 

tibio-fibular, 295 



Vaginal nerves, of sphenoid, 63, 66 

of temporal bone, 75 
VariabiUty, 25 
Variations of veins, 69 
Vermiform fossa, 53, 117 
Vertebra prominens, 35 

structure of, 45 
Vertebra (»), 29 

articulations of bodies of, 225 

cervical, 30, 31 

coccygeal, 30, 42 

lumbar, 30, 39 

ossification of, 45 

thoracic (dorsal), 30, 36 



Vertebral articulations, 225 

canal (spinal), 31 

column, 29 
as a whole, 43 

foramen, 31 

groove, 43 

ligaments, 228 

notches, 30 
Vesalius, foramen of, 66, 116 
Vestibule (of temporal bone), 80 
Vidian canal, 103, 107, 108, 126 
Visceral bars, metamorphosis of, 119 
Volar ligament, accessory (or glenoid), 274 

(anterior) raaio-carpal ligament,|266 
Vomer, 85 

W 

Wings of sphenoid, 62 

great or temporal, 65 

small or orbital, 64 
Wormian bone, 68 
Wrist-joint, 265 

X 

Xiphoid process, 132, 134 



Yolk-sac, 10, 13 



Zygapophysis, 57 
Zygomatic bone (malar), 93 
at birth, 124 

fossa, 101 

process, 70, 87, 88 
Zygomatico-facial canals, 126 
Zygomatico-orbital canals, 94 
Zygomatico-temporal foramen, 126 



I 



1 
1 



1 
I 



T 

T. 
T. 



1 

I 
1 

Th. 
Th. 

Th< 

at 
It 

ai 

Th> 

Thy 
Tibi 
Tibi 

ur • 
Tiiw 
Tral 
Trat 

dii 

hu 

liga 

hi 
of 

Klip 

palati 
proce0 
of v« 

Huture, 



STAI fc»t> w .y_ 
■tMIMl,Ctur.MM« 



E23 Morris, Sir Henry 
M876 MorriiS Human anatomy 
0914 


cop. 2 NAME 


0.1. DUI 




















y 














































> v^ 



^ 








E23 Morris, Sir Henry 

M876 Morr ii* Hiiman anatomy 

cop. 2 



NAME 



DATE DUE 



■/ 



/ 



